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Some examples of patents on indole acetic acid and derivatives thereof include: US Patent

25  No. 5,843,782 Micropropagation of rose plants, auxin used in culture medium and US 5,952,231
Patent No. Micropropagation of rose plants.

In addition to plant related utilities, indole acetic acid is useful in pharmaceutical
applications. For example, US Patent No. 5,173,497 “Method of preparing alpha-oxopyrrolo|[2,3-
Blindole acetic acids and derivatives” proposes the use of these compounds in the treatment of

30  memory impairment such as that associated with Alzheimer's disease and senile dementia. The
mechanism proposed in US Patent No. 5,173,497 is that these compounds inhibit the polypeptide
acetylcholinesterase and increase acetylcholine levels in the brain.

Indole-3-carbinol is produced from indole-3-acetic acid by peroxidase-catalyzed oxidation,
and can easily be converted into diindolylmethane. Both compounds are reported to eliminate toxins

35 and promote the production of hormones beneficial to women’s health.

Tryptophan Derivatives
" Chlorinated D-tryptophan has been identified as a nonnutritive sweetener, and there is

increasing interest in pursuing other derivatives as well. Monatin is a natural sweetener that is similar
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30  “chemical conversion” refers to reactions that are not actively facilitated by polypeptides. The term

3

“biological conversion” refers to reactions that are actively facilitated by polypeptides. Conversions
can take place in vivo or in vitro. When biological conversions are used the polypeptides and/or cells
can be immobilized on supports such as by chemical attachment on polymer supports. The
conversion can be accomplished using any reactor known to one of ordinary skill in the art, for
35  example in a batch or a continuous reactor.

Methods are also provided that include contacting a first polypeptide with a substrate and
making a first product, and then contacting the first product created with a second polypeptide and
creating a second product, and then contacting the second product created with a third polypeptide
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30  aminotransferase (EC 2.6.1.5), multiple substrate aminotransferase (EC 2.6.1.-), aspartate
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aminotransferase (EC 2.6.1.1), phenylalanine dehydrogenase (EC 1.4.1.20), glutamate dehydrogenase
(EC14.1.2,14.13,1.4.14), D-amino acid dehydrogenase (EC 1.4.99.1), D-tryptophan
aminotransferase, and/or D-alanine aminotransferase (EC 2.6.1.21).
In addition, the disclosed cells can include one or more of the following activities, for

35  example two or more or three or more of the following activities: tryptophan aminotransferase (EC
2.6.1.27), tyrosine (aromatic) aminotransferase (EC 2.6.1.5), multiple substrate aminotransferase (EC
2.6.1.-), aspartate aminotransferase (EC 2.6.1.1), tryptophan dehydrogenase (EC 1.4.1.19),
tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), L-amino acid oxidase (EC 1.4.3.2),
tryptophan oxidase (no EC number), D-amino acid dehydrogenase (EC 1.4.99.1), D-amino acid
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Compositions adjacent to the arrows are cofactors, or reactants that can be used during the
conversion of a substrate to a product. The cofactor or reactant used will depend upon the
polypeptide used for the particular step of the biosynthetic pathway. The cofactor PLP (pyridoxal 5'
— phosphate) can catalyze reactions independent of a polypeptide, and therefore, merely providing

35  PLP can allow for the progression from substrate to product.

FIG. 2 is a more detailed diagram of the biosynthetic pathway that utilizes the MP
intermediate. The substrates for each step in the pathways are shown in boxes. The polypeptides
allowing for the conversion between substrates are listed adjacent to the arrows between the

substrates. Each polypeptide is described by its common name and an enzymatic class (EC) number.



substrates. Each pol ypeptide is described by its common nane and an
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means. FIGS. 5A angdBaihe. bt SRS ﬁ?mof%ia@i%ﬁ&eﬁcfb@mkg dv&eb&iﬁahbrfdfc ation
of nmonatin produced. enz%/matl cal ly

ele tros&}{tg%p s, spectrum
of enzynmati caPjr-3skpicREd Zlélﬁle'ﬁi?ﬁ%ﬂf’ i The-upsgrates ke SRR 9 80X & ér ans of
the LG M5/ MS dlawighitoethe b@ﬂerﬁﬁﬂietyeﬂsheaﬁbsmesatq listed ddfhcent OdhsaEdw bqﬁwwnthenzyrrat ic
mxture. FIG sflgstrates %aéh %E%gggqg%@nﬁm tp&nﬁraﬁnme%d I Ed @B [EBFfmber.

measur enent enz tica A-9C are

chr omat ogPans shovﬁlﬁg“ﬁlﬁéfs QqﬁiiPPS&lPICS"éﬁ@PQ’F F“é‘ﬂ“g@flp (1%5he11?1°t‘1r"§?f5‘fsophan (B) S
tryptophan, and ( QiGsPsindBRIQEESTraRZyewhd Bal /S idbtificdton offonittn a bar
graph show ng tc{1e rel attvle anount of nonatin produced in bacterial cells
fol | owi ng | PTRECTHIGPTEH* B The (-) indicates a | ack of substrate addition
(no tryptophan or Elgﬂﬁlwatlelectlmyya@@en@ﬁmfwymiwalmyﬁhw@d%ﬁt| ¢ di agrans
show ng pat hways UBRME, #Qadd Vel sEAP&irdn@eMined GheQic/MPIS AR ghte b OMIOLElofinfonitin
trypt opha i ndol e- 3- yvate. 20 FIG 13 is a schematic di agram show ng
a pat hway1 |Rf1’f1“&‘33r‘|“%‘é’“%¥’@?f’f“6m’iencrease the yield of nonatin produced from
tryptophan or i ndoFi&. 8ispyhumebd@em SEQUERCE ] IeQTHNGEFhweaTyenst &« mepdinani no
aci d sequence (“e%t Ezsrm'at'ihaﬁ e acconpanyi ng sequence listing are 25 shown
usi ng st andar ett abbrevi ati ons for nucle

base etter
code for anmino aciB&S %ﬁ??eﬁﬁé‘mé‘igfagﬁdhogfngélﬁéﬁ‘“hﬁeaf@ioﬁ°§é @' ?] IS
shown, but t heyp&pkhal A8 hdhafin glothatdenzBnaticatler st ood to be incl uded by any

reference 40 the dicRph X8t HbRiyinT R Nilm: be A 0QWitRSerIHERL! C

acid and am no aci equenc an- am notransferase from Si norhi zobi um
meliloti, reshetinaBTg nducien T@éhemdlﬁaéqslaé'ﬂk%fs?b?‘?‘%dﬁgond}‘o PR PPYTUEYC
am not ransf er @sQdded). | 1 terat ure) SEQ ID NGS: 3 and 4 show the nucleic acid

Sphaorof des (2. 4. THOY EEpos Pk Pishion AR RS AN AP SRR BREP RS ©)
and 2) predi ctnetdtntmowdef!vmtantpﬁmat@@#rm%ﬁansferase" by genonics

sof tware)yg SEQ | Dpidd$s; is? s@bidat ds fiaWsioleg B Yahvely hiak bl baikdd ficiese @@ iyild
sequences of an 35 am notransferase fr odobact er sphaeroi des (35053),

respectively PR prodpgsh S B anooﬁméaﬁ PEuence SEQ 1D NOS 3 and 4).

SEQ ID NOS: 7 and 8 show the nucleic acid and am no acid sequences of a
SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accompanying sequence listing are

25 shown using standard letter abbreviations for nucleotide bases, and three-letter code for amino acids.
Only one strand of each nucleic acid sequence is shown, but the complementary strand is understood
to be included by any reference to the displayed strand.

SEQ ID NOS: 1 and 2 show the nucleic acid and amino acid sequences of an
aminotransferase from Sinorhizobium meliloti, respectively (fat4 gene, called a tyrosine or aromatic

30  aminotransferase in literature).

SEQ ID NOS: 3 and 4 show the nucleic acid and amino acid sequences of a
tyrosine aminotransferase from Rhodobacter sphaeroides (2.4.1), respectively (by homology with
tatd (SEQ ID NOS: 1 and 2) predicted to be an "aspartate aminotransferase” by genomics software).
SEQ ID NOS: 5 and 6 show the nucleic acid and amino acid sequences of an

35  aminotransferase from Rhodobacter sphaeroides (35053), respectively (novel, cloned based on 2.4.1
sequence SEQ ID NOS 3 and 4).

SEQ ID NOS: 7 and 8 show the nucleic acid and amino acid sequences of a

broad substrate aminotransferase (bsaf) from Leishmania major, respectively.



broad substrate am notransferase (bsat) from Lei shmani a maj or,

respectively. WO 03/091396 -6 PCT/ US03/ 12588 SEQ I D NOS: 9 and 10 show t he
nucl ei ¢ awio3aadam no aci d sequences of an aromatic an rrtwesesfizasase
(araT) fromBacillus subtilis, respectively. SEQ ID NOS: 11 and 12 show
novel nucleic acid and am no acid sequences of an aronmatic

am notransferase (araT) from Lactobacillus anayl ovorus, respectively (by
hormol ogy identified as an 5 aromatic ani-frot ransferase) SEQ I D NOS: 13 and
14 show the nucleic acid and am no acid sequences of a nultiple substrate

am not r ansf erase (W f)g)rgaﬁd 1@&'3@@{6%1%0{(1%0ac1'a‘§§.19§1€$s|oi7§1|aibmatlc
(identified as a nu |g e substrate am notransferase by honol ogy to

Accessi on No.2miRAEGHE %) fom Besillyysphpdis epprBEand Accessi on No. ZP00005082.
1). 10 SEQ I D NGCs: sﬂ@nﬁmds 116 afd LW havElmScldsetl abdanthaa@ stduencd.of sispiniati¢ S

D- al ani fe dat :
or imors used PRCEPBRE| Re gk Bpep R GRSt PR o SRR BT o0

show pri nérs aa@@dcermnqﬁamﬁﬁe%@)he B. subtilis araT am notransferase sequence.
15 SEQ I D NOS: 21 gngli’Ro8N8Wnd14 JKBY fhe h'lﬁ:&d: ah@alféﬂaﬁﬁlﬁ a&h&qﬁlﬁ&d&bact er

sphaer oi des (2 nd 3505 rate notra
sequences. SEOM ‘Eﬁ’%\é‘ ?Fﬂ%sfdasg h@% fg’ r%lézerﬁ“szeé H} »&TBY CQ‘?eEyﬁgaﬁiglleds mani a
maj or bsat sexqul@i@mbstraﬁa@nb@nme b mivey P e cehriny Nor W@OQ%%%F bwl4é43one t he

Lact obaci | | us; A&, %ﬂ@xggeggﬁm%a&ooo@g&g@pce 20 SEQ ID NCSs: 27 and 28 show
prinmers used to ¢

one R. haer ol des tat A seqlg%nczl l:fﬂoth 2.4.1 and
35053). SEQ | D NOSSEQY NR§: 15gn h%%‘ﬁ?ﬁl%sr@e%%éla“et cf8HeE coli aspC
sequence ( genanindegieRc@aieneark Accessi on No.: AE000195.1, protein
sequence Genbank AgesHskes. 17mdlfﬁwg&&e4s%édtoa&e§ﬁg hEiNG seddengtnd 32 show

the nucleic acid and am no acid sequences of aromatic_ _am notransferase
(tyrB) fromE. col $EQ F%§B§c1t9la%F(!/Sh°‘SE€§1qrﬂ3‘Smd°‘§3heaﬁﬂﬂ‘b§llf “§‘f‘Tc?WmﬁF‘inF‘f§IP%c used
to clone the &quesl i tyrB sequence. SEQ ID NOS: 35-40 show priners used to
cl one pol ypeptides

4.1.3.16) ﬁ;ctl Vi tys%gﬁgééhﬁ\i ﬁ&ﬁho%g%gér?l 9&2@[1,1 ow ﬁgﬁgﬁ%‘?e}h ?@%ﬁsﬁﬁg
sequences of mdgHBphdiiniswbsratp eyindtiapsfrae sequepies: and t yr osi ne phenol -1 yase
(tpl) from G trobagke@ip NogUidni 24 ﬁl@\d!pﬂgerg BEd 1P E1ekeahd Iis MR djor bsat sedfdlc95)

and P31013 (d: 401201@58%3/% % %@gxgwaef%qlsgﬂ N%thedz%ctobacz?%sya{ngé"}mﬁzgaﬁﬁrS used

to clone trypt ophaﬁ%g rosinase
phenol - | yase) sep@hgepepti des. 35 SEQ I D NOS: 47 - 54 show prinmers used to

mitate tryptophan agkQipd NOREP dnfl 88 <189 Priiers ds¥d 0 SloARER. ALY HIBRd A @8uences
(both 2.4.1 and 35053).

SEQ ID NOS: 29 and 30 show primers used to clone the E. coli aspC sequence (gene
sequence Genbank Accession No.: AE000195.1, protein sequence Genbank Accession
No.:AAC74014.1).

25 SEQ ID NOS: 31 and 32 show the nucleic acid and amino acid sequences of aromatic
aminotransferase (zyrB) from E. coli, respectively.

SEQ ID NOS: 33 and 34 show primers used to clone the E. coli tyrB sequence.

SEQ ID NOS: 35-40 show primers used to clone polypeptides with 4-hydroxy-2-
oxoglutarate aldolase (KHG) (EC 4.1.3.16) activity.

30 SEQ ID NOS: 41 and 42 show the nucleic acid sequences of tryptophanase (a) from E.
coli and tyrosine phenol-lyase (zpl) from Citrobacter freundii, coding for proteins P00913
(GI:401195) and P31013 (GI:401201), respectively.

SEQ ID NOS: 43 - 46 show primers used to clone tryptophanase polypeptides and f-
tyrosinase (tyrosine phenol-lyase) polypeptides.

35 SEQ ID NOS: 47 — 54 show primers used to mutate tryptophanase polypeptides and f-
tyrosinase polypeptides.

SEQ ID NOS: 55-64 show primers used to clone polypeptides with 4-hydroxy-4-methyl-2-
oxoglutarate aldolase (EC 4.1.3.17) activity.



SEQ I D NOS: 55-64 show prinmers used to clone pol ypeptides with

4- hydr oxy- 4- net hyl - 2- oxogl utarate al dolase (EC 4.1.3.17) activity. WO

03/ 091396W0/03RETIIES03/ 12588 SEQ I D NOS: 65 and 66 show t heeatuedosiizssaci d and
am no aci d sequences of 4-hydroxy-4- nethyl-2-oxogl utarate al dol ase (proA)
fromC. testosteroni, respectively. SEQ ID NOS: 67-68 show prinmers used to
clone C. testosteroni 4-hydroxy-4-nethyl-2- oxoglutarate aldolase (proA) in
an operon with E. coli aspCin pET30 Xa/Ll'C. 5 SEQ ID NOS: 69-72 show
priners used to clone E. coli aspC and C. testosteroniproA in pESC hi s
SEQ I D NG&: 73-74 ﬁl?!b ﬁ@g‘uﬁrhﬁﬁ%G added 4iQeit D& Ad 2806 2 selchddBS-Hy&BE,-4-0

cl one the genes disclosed herein. 10 DETAI LED DESCRI PTI ON OF SEVERAL
EVBODI MENTS  Rsiyi-@wrostutesincldohse (e heomh dsogrPBiFRE ™S | anat i ons of terns
and net hods are prsBQ OENOS:w7H8 tlicerprithers owil elohh@ rpregent-hydibyetogul@d- and to
gui de those o | t ingn of the present

di scl osur e. xogclutgrata%ﬁéﬁasgﬁyr%/bﬁaqrr%)ejgoqlvﬁﬁ'lE éor}a p% I"I%glg(hlglﬁln and the

si ngul ar foorns " a"SERID NAs: (l?r72'SIE°Wé’ﬂmF‘iS|Eﬁe@|H’é1°%E (§Plisaf adt %Ft@ﬁé@éprﬁﬁpess t he
cont ext cl eargggcdﬁsct ates ot herw se. For exarrpl e, ref erence to "conpri sing
aproteln" i ncl ude Iurallt C to
‘conprising the ceﬁ‘gﬁﬁ%@%u@' Showsf’qélrléﬁcéidet% (lflao oene ﬂr’rrgéers"%alq? {ﬁ@ﬁ%g&%@

equi val ent s tdistoedfherkinown to those skilled in the art, and so forth. Unless
expl ai ned ot herwi se, all techni cal and scientific ternms used herein have

t he sane _ neani ng as corTmnI kill in the
art to whi%th this di scl'yeyd gﬁﬁ@%?gg&%ﬁﬁ&%%ﬁ%%@ﬂ{aszd materi al s
simlar or equivalent to those desabhirpisdiomeoméT'ernsan be used in the practice

or testing of the e%ﬁﬁ%ggipi’aﬁlltgﬁwf?enn&ﬂﬁ hﬁﬁ&@ﬁ%@@%%@td@@m%@r@m@r e
descri bed below. The naterials, nethods H#B‘?O? are illustrative

only and not ‘i‘lfﬂoélﬁ?i@é] t(t%lldﬁél°fe|°|t}i’rflinﬁéj3kﬂkf‘ﬁ€rmfné]éet BREeSHIERING eSS of t he
di scl osur e ar@emm{ e inpiistn@Nintdae“ifcbidingVind he sieduber foeth ‘deg Cad” pt ‘iitghingndt t he
cl ai ns. %m%”?er%nc %fn%gs e%g cl'eAérl Id%ﬁt%s (?lfé WFL@gﬁﬂwreke%c%rt@%mpnsmg .

non- codi ng se nt rons and regul atory sequences which _et ernine
transcri pti onapretEiNAneledss one osamiHEssEl PTOF?mP e refergpss toa fopfRrisigg the e-flafre
transcripti Onrefefeﬁwtms,em&eﬁeum e@.ﬂ%feﬁt@fh&éefﬂcﬁ@ﬁﬂt@ﬁbdeSkllle@@nﬂtﬁea’rt\/aidlswﬂyrth
substitution: r Q_aci tituti f or 10
resi dues) for ani nﬁnlﬁéf’ﬁ’%%nég Ues™ A lgt\f}%ﬁwﬁ andtsmfm ° m(s eélrlr]]g ?é%?m) ?ggaer?e ties.
Typi cal |y, comseing atdomeonly uigeistoed jo P@Néorﬁawsnllmﬂ?éﬁtodﬂ% ﬂv%ﬂasale%ur%btl%ﬁe

activity s aAftIﬁﬁéﬂ hdidds RG RSN il B or EQYivaRXAETRbE desbldﬁdiildréjn cadBe @ed ih Pt Ophan

am not r ansf erase pol ypepti de incl udi ng
substituti onspr?‘élf%?rﬁ?“ngt°ﬂl}ﬁr855?félﬁa SB‘LtﬁbEr%efh«S‘?‘a)?% erfaﬁ i descnb,&gbekfw Vpasti de

can be producesterdats, einidgiamn cmeple rreiibstetivaomiysied voh infepdsd Slhgélmtmglt%ﬁieaws
mani pul ating 6.0 M&%@Qﬁtﬁe%cﬁ&%%%r&lh@&n BOGAHES: deRBdd dQ&hMBEﬂId'ﬂQ%Iamk&Sl g,

for exanpl e, st and rocedures _such as site- (iil rected rrutadgrt%em s _or
Substitutional var RN &omplemeniyy DNAY et BNA fagkiag migie) poasPfescs ™t he
ami no acizb segatdnyg endragilatodbsehems witnvethignensariptibd. fldNertn besgitigsiesdimber t ed
| n. | T'S pl ace. Ia oré’:}r&glb%l I'GVCQSTG tr@rgLrg)(aor?ﬂ;drrgxﬁmﬁméeﬁﬁNMtraggd ff(ﬁljl’lgﬁg I t Ut ed for an

original am no aci In an are re ded as conservatl ve
Conservatlve substitution: One or more amino ac1d sul stltutlons (for example 2, 5, or 1

residues) for amino acid residues having similar biochemical properties. Typically, conservative
substitutions have little to no impact on the activity of a resulting polypeptide. For example, ideally,
30  a tryptophan aminotransferase polypeptide including one or more conservative substitutions retains
tryptophan aminotransferase activity. A polypeptide can be produced to contain one or more
conservative substitutions by manipulating the nucleotide sequence that encodes that polypeptide
using, for example, standard procedures such as site-directed mutagenesis or PCR.
Substitutional variants are those in which at least one residue in the amino acid sequence has
35  beenremoved and a different residue inserted in its place. Examples of amino acids which may be
substituted for an original amino acid in a protein and which are regarded as conservative
substitutions include: Ala substituted with ser or thr; arg substituted with gln, his, or lys; asn
substituted with glu, gln, lys, his, asp; asp substituted with asn, glu, or gin; cys substituted with ser or
. ala; gln substituted with asn, glu, lys, his, asp, or arg; glu substituted with asn, gln lys, or asp; gly



substitutions include: Ala substituted with ser or thr; arg substituted
with gln, his, or lys; asn substituted with glu, gln, lys, his, asp; asp
substi t ut @ asiviB9asn, glu, or gin; cys substituted with sexCTorsosata’g gl n
substituted with asn, glu, lys, his, asp, or arg; glu substituted with asn,
gln lys, or asp; gly WD 03/091396 -8 PCT/ US03/ 12588 substituted with pro;
his substituted with asn, lys, gln, arg, tyr; ile substituted with |eu,
net, val, phe; leu substituted with ile®net, val, phe; lys substituted
with asn, glu, gln, his, arg; net substituted with ile, leu, val, phe; phe

substi tuted Wb Rin £y rIus sﬂ@ﬁ’mteél lv@h asﬁ)rlysI St arg Gk 1l§§d§bﬁﬁlteﬁ blfitEQu et haltﬂﬁé , al a;
thr substituted wth ser Substit ted

Wt h
substituted wviFtHPstfued Wﬁ]h@: mﬁtr "aﬂ #’b"‘ 13’&?}@“’\?5?‘1 wi ai“u@%’tgint H%)éré Wt Wétf%%/d iy ¢
| eu. Further llemélgmmle @he salxtitited @M SIS tyv,atet, Ve, oslalystristhatititedrsitiobmalbér f ound i n,
anmong ot her 0 , it bis, phE B thp2 i & 1987)
O Regan et aI s @Wﬁh Sfrigf%%?&gs’iﬁ%&‘gggﬁtﬂhe |tr%'fsu$%‘tﬁ%g§1 aIs pil rF’tragt ei ?11 Sci .
3:240-7, D994ybstiksd With ieteile, |8 (Bi o/ Technol ogy 6: 1321- 5, 1988) WD
00/ 67796 (Curd et mukind idation asdhiomkam vt axidnoioksanle fomn & imsg ahd lvploecul ar
bi ol ogy. 10 Exogenous: ; e erence
to nucl eic actd And 5 b’h |f:’ﬁlquzg?%élggﬁ& EPRS‘%a%eHﬁ eﬁe%%:;ﬁlsl‘é‘ﬁsgg)fﬁ at does
not ori gi nat eTdirasmh, (Fratein Seir 334001 QP4 cédchuligesalt GtiviBecimelosh el i @, 19?5ﬁu‘¥0

non- nat ur al | yooReadl &g amJaﬁb ﬁﬂ ﬁmﬁﬁi‘tg{tHOSks%pébﬁétfdﬁinﬂgmteaﬂab&oﬂgﬁgenOUS to a
cell once _introduced int cell. Nuclelc aci g‘r

nat ur al | yoccur ri nyrogmews %aﬁteﬁlé eé%‘{j’%&ﬁ‘ése rep rft?rgﬂ g’rnudem qdanda,,
exanpl e, an emnttictle celhretnosayBudackidtietiotyhergingte fibm dfat pauicgwselbes f@nfhlﬁ

exogenous nu Aaﬁﬂ‘e Tilr% Iﬁ)ﬁ-'ngm)éﬂ)t &c{r&rﬁmﬁﬁ&c 1R ifconBhekeddd bep:%ggﬂbﬂs tSa @éllQﬁcet hat
chronosone is I ntroduced Into Y's cell. Funct| alsq:%ﬁgctixl val ent : | ng an

equi val ent f uBEdresA nto the qeh Nyclsicragid fhaHT Dyl QoqyTTRE @ GRIAUF & aé’ﬂfﬂf‘\fél ent
nol ecul es i ncdelldior d;tafni)EIaﬁ aditir¢iht @okdne$sotated from e tadl ofi pdrive Xfivamckigempuofucltine
enzyme. FSO r ec%%la re%l%ect t!SI Q getllI o?%?éon ?’%Hc!e\ﬁgl (%;bttrﬁ)soql%rfs lgﬁ?odgge@ }ﬁ‘cod@gcehy sequence

alteratlons in an me sequence, wherein the peptide with one or nore
sequence al terati oﬁslcﬁlfé‘@'éﬂ IFFE“Va‘eP'U Hevipgm e@?lvaﬂeﬁbf“’ifﬂ%ﬁ iR e eplsEef MFEZ™MS0 such

that it retai fﬁﬁcnbﬁaﬂy &fﬂi&h’l&fﬁhioﬁcu@e@ 'iﬂcMﬂetcyfferdnﬂm@leoﬁm that Gatdifihe XD Ehe efzyme.
tryptophan an% notr a]?%tmecﬁ(a% egulséalllen% canQbe tprovﬁ%(ﬂg seaq:ueen@ al 1%%1(91'3 Sn Lrl}%m%g%dehctey to

convert tr ypt ruva sequence a ratl ons
i ncl ude, but mlneeelrrtbﬁtpemdmwntbdnetoomore ms@pw@rmes 1§iginge fumm efrike unaligeedl papfidens

nut ati onsyg f r@l@fﬁﬁzﬂﬁtff@cﬁns @E&lehzﬂﬁ@éu%;onﬁapahﬁu@rh@axﬁpiaﬂ&&ﬁoph@ Ginsemsaley pept i de
bi nds an anti body qui va

e pt| de that binds
the sane antlﬁbﬁﬁ}nﬂeﬁﬁ’ﬁ’%}e‘ﬁreﬁ‘%‘#ﬁ’ﬁﬁ@g e‘émt‘?}"gﬁnto d(ge‘ ’Eé‘gg pepti des that
have the sane bi ndEnapspesighéncd etltyram;ls aclpfbl abapidt u@ltedamdonsmte sebshtutes.used

as a reagent jqspl arﬁlﬁatfaﬁs ﬁiﬁ%sﬂf&l YRSRLLES: bk QAKHIE X BNRI BiyRepliddnalii Anal
equi val ent i ncl I'udes

ypept | de. wherei n, t he bj ndin ence is
di scont i nuousanﬁbﬂﬁiévraé‘i‘%m?‘ﬁ‘é“ ?‘ﬂﬂ"ﬂﬁ‘ﬂ&? 2 pphRgatidg th aﬂi“?‘i‘é&’? *’é’%ail@ggy %‘f‘f if the
pepti de sEQuefibionaseqiividbaAEldsk pépades rot aed thissarhe HikigfspSHEQH dda Nﬁypeptma)anda
functi onal eqhglat\(/:alb%rlllgenﬁpﬁjea grﬁﬁlrpqelc§&q}ggplo H&. ?ﬂodnte gplﬁ"l le am(%oneﬁ@cﬂlﬁlglﬂear as

follows (**=an ervenln m no acid
L V% i o+ neludas & polypEpeidy whegginthe st Seeippec £ HiS@n‘éI&‘%aﬁp‘V}@fﬂ“tt’I’Fem%f‘W@ﬁf‘u de is

functional |y g@icyi@dpnthud, @ t@pbiiide @Giets isIMANL ANDLBEQchilb M@ 1-1@ofiSEQUDO: t hr ee

e el o 6 PR B Pl R

Hybri di za3Q onnuribbeof inervenitgapiing agidpaNHe ri**-MEPHEEY Aot N P eI & SL-C80H: Fet hod

of testing f Ofy example, the polypeptide is functionally equivalent to amino acids 1-10 of SEQ ID NO: 12 if the

three dimensional structure of the polypeptide is such that it can bind a monoclonal antibody that
binds amino acids 1-10 of SEQ ID NO: 12.
Hybridization: The term “hybridization” as used herein refers to a method of testing for
35 complementarity in the nucleotide sequence of two nucleic acid molecules, based on the ability of
complementary single-stranded DNA and/or RNA to form a duplex molecule. Nucleic acid
hybridization techniques can be used to obtain an isolated nucleic acid within the scope of the
disclosure. Briefly, any nucleic acid having some homology to a sequence set forth in SEQ ID NO:

11 can be used as a probe to identify a similar nucleic acid by hybridization under conditions of



35 conplenentarity in the nucl eoti de sequence of two nucleic acid

nol ecul es, based on the ability of conplenentary single-stranded DNA

and/ or RN\wa@/bo9en a dupl ex nol ecul e. Nucl ei ¢ acid hybri dirxarises/12s88hni ques
can be used to obtain an isolated nucleic acid within the scope of the

di scl osure. Briefly, any nucleic acid having sone honol ogy to a sequence
set forth in SEQID NO 11 can be used as a probe to identify a sim|lar
nucl eic acid by hybridization under condi ?ions of WO 03/091396

PCT/ US03/ 12588 -9 noderate to high stringency. Once identified, the nucleic

acid then canp,hf.RUs m%ﬁ %e&ﬁ%@%%ﬁe@ﬁgnucﬁﬁabﬁﬂ@ﬁjcah@e sleised, Wqiacoahad her it
is within the sco

t.he present. di scl osur zatlon can be done by
Sout hern or I\H’FWBF‘%'FeE ‘gqp@ertnb‘s Y"’é}é’?ﬁ?‘? feppegt %f\ﬁ{l_% t "sequence,
respectively, that Hi@:ldmtdnza@i»etl@eay&u@beorﬂ'merpamb@smdﬁnbﬁ%aWMBHAw th a

biotin, 5 di ggﬁye&%%{am@e masﬁ%megfs,ap%e Bk alqsecvamlmaﬁdmmaﬁ 32P. The
DNA or RNA to be analyzed can el ectrophgretically separated on an

agar ose or’ pofigurgeyirdricleerges or atr‘i‘déf’r‘r“é'foéerﬁ“@’(fst B e & RN tBBee“na YGFBRE or
ot her suitabl aec&mnb;reﬁdmy sepaidedioy b 4gaiogead patatdilaintde gq) rabgeradiongrosdlsindar d

t echni | | rt
730755 of - Qis? A elebe e RSl PR ARG A Able A CBRELWATY
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can be, without limitation, a recombinant DNA molecule of any length, provided one of the nucleic

acid sequences normally found immediately flanking that recombinant DNA molecule in a naturally-
occurring genome is removed or absent. Thus, an isolated nucleic acid includes, without limitation, a

35  recombinant DNA that exists as a separate molecule (e.g., a cDNA or a genomic DNA fragment
produced by PCR or restriction endonuclease treatment) independent of other sequences as well as
recombinant DNA that is incorporated into a vector, an autonomously replicating plasmid, a virus
(e.g., a retrovirus, adenovirus, or herpes virus), or into the genomic DNA of a prokaryote or

eukaryote. In addition, an isolated nucleic acid can include a recombinant DNA molecule that is part



occurring genone is renoved or absent. Thus, an isolated nucleic acid
includes, without Iimtation, a 35 reconbinant DNA that exists as a
separate wal ®ovlm6(e.g., a cDNA or a genom ¢ DNA fragnment pquwsiaazdsby PCR
or restriction endonucl ease treatnent) independent of other sequences as
wel | as reconbinant DNA that is incorporated into a vector, an
autononously replicating plasmd, a virus (e.g., a retrovirus, adenovirus,
or herpes virus), or into the genonic DNA%f a prokaryote or eukaryote In
addition, an isolated nucleic acid can include a reconbi nant DNA nol ecul e

that is part M@#@{dg%ggﬂqmglgap&gé J2@3/ 12588 of a hybrid or fusion nucleic

aci d sequence term"i1sol ated” as used herein wth d Eef erence to nucleic
acid al so i ncl udesThegrmnistaiedh 4t wiptlierep- BRETFTICHY “ATET EHE QB s P e
non-nat ural | YHaﬁﬁdllWoEdJ.ﬂ@g fAldlcatid siteinch-wealipocesingneleivatid faguancks ark potfiamdir e and

do not have | ARG b GAL LSRN, SRINSREGRLA 1R, ABLN Bl R 6O

genone. For non- nat ur curring nucleic acid such as an
engi neered n u@chlewle netclllaélﬂaills-oec@ﬁ@g H@le@dmti ks an puggegpdyclrie aqidi eonsidered to be

Engi neered n Uﬁélﬁédqmél&b ghic @ﬁglb&remlcu&ﬂ B4 b6 Qm&ngrmneﬁ)u hidleculk EloHimpgpr OF
chem cal nucl echni

non- nat ur al | y%BIBJ(‘E% PPS %cg?/ ‘ﬂ fI%te%c R clgérﬁ%d non'ng%]‘ald' T e B STk
sequences, o infilepeden of diteesiquendes orinsperOtatsA nteervecion WriviTRARLS)Y Teristting alﬁﬁffh‘t; 2

pl asmi d, a V{n{u'slé o, 8 rdthoviru@ afdbViRY of ﬂéﬁms \@xqg'm%"géiﬁmc@’NmﬁTa@ﬁ)ﬁaryﬂtd’ dds), or the
genoni c a prokaryote or 10 eukaryote n,addi

non- nat ur]ag I yeL@S‘EYﬂB"r ’i‘f’f{jh“ﬁ’ﬂiélné‘} ‘E?“ﬁa&]iyd"c&‘é & 75 Cﬂﬂgcaﬁ “ﬁh’é‘f ael?u(‘flalé%‘ildcjmdecflecul e
that is part mitispahytrhybkidor fifsios mgtvicncid begrepceaci d sequence. It will be

apparent to those gf,;sKi {>Aare o bb& oﬁJﬁulﬁtﬁ@Lnﬁat%ﬁdl&d FidGikteh %ﬁghﬁﬂa&dmvng
hundreds to mllions ofa er nucleic acid nmol ecul es Wltﬁ

anpl e
CDNA or genonfolions efioges 1@%13“’ efrd relpeuley yighing for exgplercRNAGT &P GBI B}?ﬁ“l?s hoa slces
restriction di@gfsinghSendfic DINA barigiondijestes tlto deicinsiddraitae doladivelkicaddki d. 15

Nucl ei c afg d: The &er m' (yc[lhgleﬁn ‘a}ﬁlzlgc - %%%\ngglregéoglggsgkggg{pﬁﬁﬁmlﬁ@g h RNA

and DNA 1hcl udi ng "Gt H6 mtation, enom ¢ DNA,_and synt hetic
(e.g., cheni cmplqulwmon@smtzw) cDWnow@NﬁmdéYrt&hea‘bﬁe@ ghspcplly synthesized)
dOUb| e- st rand@ﬂAOTheSduElgl: RiBdah BIUIEHle-s Mleﬂesﬁlglegdr@deﬁt madedgle ftfamded, msc| ei c

acid can be e BOTE, S LA, O AL LS IS8, S, LBl el o1

acid can be cfl‘f‘@lﬁlaﬂ can ra nuclelc acid
sequence is "opgeeaably |inked" with a second nucleic acid sequence whenever

the firstygucleic 6ﬁérle§ RRIMENSE Sirst &cEic@&@Qqﬁeﬁce@s %b@zﬁ)’lyﬂ 1RRaP wftl@z{ s%&dn@ﬁlﬁféicp with
t he second nucl eic acid seq u%ence For |nstanc$ ggle)tf’? 1@15 ho}p %

linked to a codfligewsdientsts it pOREeys s afeéldlf R FPERERTH Pt On of
the coding segu@naecidieidasgéncy Foopgmadh rompirkiegpeEbipligedioanedns senence if the
conti guous an )é)ﬁ%?f@c};ﬂﬁe%ﬁs% t%nt)ﬂhd c%h% &Mn&obyﬁﬁﬁ%bﬁbﬁqﬂe@gmﬁeg' ons, In

the sane 25 ranme i fications resent dkscl osure
i ncl udes enzyPPéEenceaéfe $“°a%an§9‘fli‘ﬁrﬁé°t°ffséﬂyV@r’r%‘b?i’l"ﬁ‘élmegnqeﬁ% Felonf, i HFAFE i on,
anal ogues2{ nofgg@ata@e organi c nol ecul es), derivatives (chemcally

functionallzed Peppl e BRGNS @gsrésg,pﬁqckg%a@mu@eg i, bhen s e

pepti de sequences) havi n desired enzynatlc
activity can bebodiients ﬁlefdf’fi hl &@ﬁ@nn@ﬂlﬁ%%(n@ﬂ’e&@g ersrpelrfEley; ivafife pepti des
di scl osed her ?dh@m&a'ﬂ? hﬂ@lﬁnﬁz@l@ﬁﬂﬁ@ﬂa&edﬂfes Mﬂa@ staxGhelGith tlﬁefﬂ&hblo@&ﬁbpﬁl& s@uédaesy  L-

and/or D- am 21% v?ai’(l;alntcsl %homgf%gsl)l Lag}gnlg ¥he gs?rcl:“l yrrgtlc acgvu(})rthn e%hz@d in the methods
30  described herein. The peptides disclosed herein include a sequence of amino acids, that can be either
L- and/or D- amino acids, naturally occurring and otherwise.

Peptides can be modified by a variety of chemical techniques to produce derivatives having
essentially the same activity as the unmodified peptides, and optionally having other desirable
properties. For example, carboxylic acid groups of the protein, whether carboxyl-terminal or side

35  chain, may be provided in the form of a salt of a pharmaceutically-acceptable cation or esterified to
form a C1-C16 ester, or converted to an amide of formula NR1R2 wherein R1 and R2 are each
independently H or C1-C16 alkyl, or combined to form a heterocyclic ring, such as a 5- or 6-
membered ring. Amino groups of the peptide, whether amino-terminal or side chain, may be in the

form of a pharmaceutically-acceptable acid addition salt, such as the HCI, HBr, acetic, benzoic,
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amino acid sequences and nucleic acid sequences provided herem A “probe” includes an isolated

nucleic acid containing a detectable label or reporter molecule. Exemplary labels include, but are not
limited to, radioactive isotopes, ligands, chemiluminescent agents, and polypeptides. Methods for
labeling and guidance in the choice of labels appropriate for various purposes are discussed in, for
example, Sambrook et al. (ed.), Molecular Cloning: A Laboratory Manual 2nd ed., vol. 1-3, Cold

35  Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989, and Ausubel et al. (ed.) Current
Protocols in Molecular Biology, Greene Publishing and Wiley-Interscience, New York (with periodic
updates), 1987.

“Primers” are typically nucleic acid molecules having ten or more nucleotides (e.g., nucleic

acid molecules having between about 10 nucleotides and about 100 nucleotides). A primer can be
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site of 30  base pairs from the start site of transcription.

Purified: The term “purified” as used herein does not require absolute purity; rather, it is
intended as a relative term. Thus, for example, a purified polypeptide or nucleic acid preparation can
be one in which the subject polypeptide or nucleic acid, respectively, is at a higher concentration than
the polypeptide or nucleic acid would be in its natural environment within an organism. For example,

35  apolypeptide preparation can be considered purified if the polypeptide content in the preparation
represents at least 50%, 60%, 70%, 80%, 85%, 90%, 92%, 95%, 98%, or 99% of the total protein
content of the preparation.

Recombinant: A “recombinant” nucleic acid is one having (1) a sequence that is not

naturally occurring in the organism in which it is expressed or (2) a sequence made by an artificial
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term Thus, for exanple, a purified polypeptlde or nucleic acid preparation
can be one in which the subject polypepti®de or nucleic acid, respectively,
is at a higher concentration than the polypeptide or nucleic acid would be
in its natural, 8avioh 8RB BherMst- Mottt sHBGRESRRs. TRE arBXRTRInBinat®a ibften

pol ypepti de preparation can be considered purified if the pol
content in th¥CHEPEEHAT Bt Ghecal iafhpon Mot QRmPRy LY tbgﬁ’a}ﬁc%(wmp‘%’@}/ gfe%g? s 85%

90% 92% 95%egidiof AicleA0id0E.g. 1 Hy@edetid abingriod tedhniques.0fReemibingdt” i keo used to
preparation. B n%’mcfé% g(t,ld mplec[ulieg%gtrf;g\;e%%ta ﬁ@igﬁ}Jr dnﬁ)uﬁ'@s& gut'c&ltegxptﬁe Qﬁigl ng ( 1) a

sequence that 1s not naturally occurrin the organismin which it is

expressed dr ey scatpaesh ans cadiepacdinps Bipt a&rft“lnf1 inchestreapien drgm ek g nucless acid

PCT/ US03/ 12588.sGRrxkinati on of two ot herw se- separ ated, shorter sequences.
This artificial cogbinatjo caonmpl. 1 S

or, nore comonl y, SReICRIgEL q't’f S?hieéllmg?n%ggwen ES q am qugsgf&%r%%éd @égﬁﬁgﬁ% of
nucl ei ¢ aci dsslméarlg'betv&tgsn theesqeueiass, eﬁgwm%ferfwoﬁseﬂe%mcq&ﬁé@ty "SREewAEHRNE" s

al s 0 u|s e? to freql[géfw hlpﬁurgyiﬁ ke@h Lot @&bﬁtaé@heﬁﬁty k(@ &nﬁlﬂﬁ& oﬂh@fﬁﬁoé}?ﬂfé hizhdrite b&b@{akd
nani pul a

contain the sane 5 | at or uences egi ons
that are f%un@e Forre ST Sheddm PegYRRECF &fn ’5&(\’?03 S?rﬁ’égaﬁ ?ael?egu Sl E S]&gﬂil Iggl zr%t ed.
Sequence i denpdsteys:a rdliizelg high fegree b@sectuatcm@amt}amemdlgacﬁl@nsé@d@ﬁ@éhodﬁs expr essed
interms of the sjmhlRbti¥nde M@aeenw@or%wﬁgaﬁ%m@m%mtﬁeemr oh et gt as

sequence identit Sequence identity is _frequentl rms of
per cent age i d@ﬁta?/g; e’(télrg"%qnﬁﬁ ﬂr%‘}ef"flvd&? F?BWH@W’“‘ g@’%é%ﬁ ‘h% ltB Y cent age,
10 the nore sNeddlesin dnbh @& uhish, JSEEGUBSICR4RE6E 19700Bk@gsd DipmanaPrioa Ve Aodd. &i. U.S.A.

pepti de, belCh%Sa’?yZ?\%?géSDH ns ahs Shax® @9RI3 93 7ud] ?8@&%&&%&%&? @@%&eﬁlﬂ)% 1989;

sequence Iden gned using standar hods of al i gnment
of sequences Fopeteishpbciesdrdnfeeomhl l(kgﬁb%hl?gﬁ o Altsshyl ef ofydfYargg Gengly G LRz
and al i gnment j@hgorithnms are descri bed |n Smth and Waterman, Adv. Appl.

Mat h. 2:482, 1981; n 1= 4 . 1970,
Pearson and Li prnatnThe:gsché1 @qcaaﬁiémcfn ?:rlblT (ﬁl(g?ﬁST %&ét%(:h‘glﬁ‘ﬂ B gé%% 03
Hi ggi ns and Sh&io) @méabliegrom?mhsomm@gsclu@ngglglmgowférn@qfarr%otemgmﬁgmim 3,
1989; Cogpet P\@L‘BI eﬁethestM:ﬂ))eah@ orAﬁé 1HermResAR¢ &konh&stid V@ thSQqueddd &flysiap@grams

Al tschul et a Nat ur e Genet 119-29, 1994. The NCBI Basi-c Local
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function is espkoyeded&im@tidnN@upltsng thk PARBOBEIND 2! to default parameters (open gap 9,

extension gap 1 penalties). Proteins with even greater similarity to the reference sequences will show

30  increasing percentage identities when assessed by this method, such as at least 80%, at least 90%, at
least 95%, at least 98%, or even at least 99% sequence identity. When less than the entire sequence is
being compared for sequence identity, homologs and variants will typically possess at least 80%
sequence identity over short windows of 10-20 amino acids, and may possess sequence identities of
at least 85%, at least 90%, at least 95%, or 98% depending on their similarity to the reference

35  sequence. Methods for determining sequence identity over such short windows are described at the
website that is maintained by the National Center for Biotechnology Information in Bethesda,
Maryland. One of skill in the art will appreciate that these sequence identity ranges are provided for
guidance only; it is entirely possible that strongly significant homologs could be obtained that fall

outside of the ranges provided.
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specifically
30  polypeptides, or variants thereof. Optimally, antibodies raised against one or more epitopes on a

polypeptide antigen will specifically detect that polypeptide. That is, antibodies raised against one
particular polypeptide would recognize and bind that particular polypeptide, and would not
substantially recognize or bind to other polypeptides. The determination that an antibody specifically
binds to a particular polypeptide is made by any one of a number of standard immunoassay methods;
35 for instance, Western blotting (See, e.g., Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989).
To determine that a given antibody preparation (such as a preparation produced in a mouse
against a polypeptide having the amino acid sequence set forth in SEQ ID NO: 12) specifically
detects the appropriate polypeptide (e.g., a polypeptide having the amino acid sequence set forth in
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can be use® @3mIm9si fy or identify such pol ypeptides. The admesoaa2dsand
nucl eic acid sequences provided herein allow for the production of
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Antibody fragments can be used in place of whole antibodies and can be readily expressed

in prokaryotic host cells. Methods of making and using immunologically effective portions of
monoclonal antibodies, also referred to as “antibody fragments,” are well known and include those
35  described in Better & Horowitz (Methods Enzymol. 178:476-96,1989), Glockshuber e al.
(Biochemistry 29:1362-7,1990), U.S. Pat. No. 5,648,237 (“Expression of Functional Antibody
Fragments™), U.S. Pat. No. 4,946,778 (“Single Polypeptide Chain Binding Molecules”), U.S. Pat. No.
5,455,030 (“Immunotherapy Using Single Chain Polypeptide Binding Molecules™), and references

cited therein.



di scl osed herein can be used as i mmunogens for producing anti bodi es.
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Overview of Biosynthetic Pathways

30 As shown in FIGS. 1-3 and 11-13, many biosynthetic pathways can be used to produce
monatin or its intermediates such as indole-3-pyruvate or MP. For the conversion of each substrate
(glucose, tryptophan, indole-3-lactic acid, indole-3-pyruvate, and MP) to each product (tryptophan,
indole-3-pyruvate, MP and monatin) several different polypeptides can be used. Moreover, these
reactions can be carried out in vivo, in vitro, or through a combination of in vivo reactions and in vitro

35 reactions, such as in vitro reactions that include non-enzymatic chemical reactions. Therefore, FIGS.

1-3 and 11-13 are exemplary, and show multiple different pathways that can be used to obtain desired

products.
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Indole-3-lactate to Indole-3-pyruvate
The reaction that converts indole-3-lactate to indole-3-pyruvate can be catalyzed by a variety
of polypeptides, such as members of the 1.1.1.110, 1.1.1.27, 1.1.1.28, 1.1.2.3, 1.1.1.222, 1.1.1.237,
35 1.1.3.~, or 1.1.1.111 classes of polypeptides. The 1.1.1.110 class of polypeptides includes
indolelactate dehydrogenases (also termed indolelactic acid: NAD™ oxidoreductase). The 1.1.1.27,
1.1.1.28, and 1.1.2.3 classes include lactate dehydrogenases (also termed lactic acid dehydrogenases,
lactate: NAD" oxidoreductase). The 1.1.1.222 class contains (R)-4-hydroxyphenyllactate

dehydrogenase (also termed D-aromatic lactate dehydrogenase, R-aromatic lactate dehydrogenase,
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30  PLP-utilizing polypeptides, can utilize C3 molecules that are amino acids such as serine, cysteine,

. and alanine, or derivatives thereof. Aldol condensations catalyzed by representatives of EC 4.1.2.-
and 4.1.3.- require the three carbon molecule of this pathway to be pyruvate or a derivative of
pyruvate. However, other compounds can serve as a C3 carbon source and be converted to pyruvate.
Alanine can be transaminated by many PLP-utilizing transaminases, including many of those

35  mentioned above, to yield pyruvate. Pyruvate and ammonia can be obtained by beta-elimination
reactions (such as those catalyzed by tryptophanase or B-tyrosinase) of L-serine, L-cysteine, and
derivatives of serine and cysteine with sufficient leaving groups, such as O-methyl-L-serine, O-
benzyl-L-serine, S-methylcysteine, S-benzylcysteine, S-alkyl-L-cysteine, O-acyl-L-serine, and 3-

chloro-L-alanine. Aspartate can serve as a source of pyruvate in PLP-mediated beta-lyase reactions
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and react i onsleA®RNSEE kidh b \@aibRBiate decarboxylase (FIG. 11). In addition, if lysine is used as the

30 amino donor, lysine epsilon aminotransferase can be used to convert the lysiﬂe to allysine (FIG. 12).

The allysine is spontaneously converted to 1-piperideine 6-carboxylate (FIG. 12). If a polypeptide
capable of catalyzing reductive amination reactions (e.g., glutamate dehydrogenase) is used to

convert MP to monatin, a polypeptide that can recycle NAD(P)H and/or produce a volatile product
(FIG. 13) can be used, such as formate dehydrogenase.

35
Additional Considerations in the Design of the Biosynthetic Pathways
Depending on which polypeptides are used to generate indole-3-pyruvate, MP and/or

monatin, cofactors, substrates, and/or additional polypeptides can be provided to the production cell

to enhance product formation.
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hydroxyl-L threonine (HTP) are epd, pdxB, and serC. The last reaction for the formation of PLP is a
complex intramolecular condensation and ring-closure reaction between DXP and HTP, catalyzed by
30  the gene products of pdxA and pdxJ.

If PLP becomes a limiting nutrient during the fermentation to produce monatin, increased
expression of one or more of the pathway genes in a production host cell can be used to increase the
yield of monatin. A host organism can contain multiple copies of its native pathway genes or copies
of non-native pathway genes can be incorporated into the organism’s genome. Additionally, multiple

35 copies of the salvage pathway genes can be cloned into the host organism.

One salvage pathway that is conserved in all organisms recycles the various derivatives of
vitamin By to the active PLP form. The polypeptides involved in this pathway are pdxK kinase, pdxH
oxidase, and pdxY kinase. Over-expression of one or more of these genes can increase PLP

availability.
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) . , . anm
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glutamate concentrations are detrimental to downstream separation processes.
The polypeptide glutamate dehydrogenase (GLDH) converts glutamate to 2-oxoglutarate,
30 thereby recycling the co-substrate in the reaction catalyzed by tryptophan aminotransferase. GLDH
also generates reducing equivalents (NADH or NADPH) that can be used to generate energy for the
cell (ATP) under aerobic conditions. The utilization of glutamate by GLDH also reduces byproduct
formation. Additionally, the reaction generates ammonia, which can serve as a nitrogen source for
the cell or as a substrate in a reductive amination for the final step shown in FIG. 1. Therefore, a
35  production cell that over-expresses a GLDH polypeptide can be used to increase the yield and reduce
the cost of media and/or separation processes.
In the tryptophan to monatin pathway, the amino donor of step three (e.g., glutamate or
aspartate) can be converted back to the amino acceptor required for step 1 (e.g., 2-oxo-glutarate or

oxaloacetate), if an aminotransferase from the appropriate enzyme classes is used. Utilization of two
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elimnated b
y inhibition of certain enzymes in the pathway; as tryptophan levels increase, the production rate of

tryptophan decreases. Thus, when using a host cell engineered to produce monatin via a tryptophan
intermediate, an organism can be used that is not sensitive to tryptophan concentrations. For

30  example, a strain of Catharanthus roseus that is resistant to growth inhibition by various tryptophan
analogs was selected by repeated exposure to high concentrations of 5-methyltryptophan
(Schallenberg and Berlin, Z Naturforsch 34:541-5, 1979). The resulting tryptophan synthase activity
of the strain was less effected by product inhibition, likely due to mutations in the gene. Similarly, a
host cell used for monatin production can be optimized.

35 Tryptophan production can be optimized through the use of directed evolution to evolve
polypeptides that are less sensitive to product inhibition. For example, screening can be performed
on plates containing no tryptophan in the medium, but with high levels of non-metabolizable
fryptophan analogs. U.S. Patent Nos. 5,756,345; 4,742,007; and 4,371,614 describe methods used to
increase tryptophan productivity in a fermentation organism. The last step of iryptophan biosynthesis



20 functionally deleting the gene coding for EC 4.1.1.74 in the host cell.
Production of indole from tryptophan can be reduced or elimnated by
functi onaioy3deimti ng the gene coding for EC 4.1.99.1 in RdwUdwesrsssel | .

Al ternatively, an excess of indole can be utilized as a substrate in an in
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coding for EC 4.1.99.1 (Kawasaki et al., J. Ferns. and Bioeng., 82:604-6,
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trypt ophan pr ction. The anmount of nonatin produced by a fernentation
organi sm can be increased by incre ng the anmount_of pyruvate produced by
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al., Lett. Appl. Mcrobiol. 35:338-42, 2002, and Tgrul opsis glabrata (Li et
al., Appl Mcrobiol. Biotechnol. 57:451- ver produce pyruvate and
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can be controlled via a conbination of pH a ol ypeptides. C2 C4
Racemni zation at the C-4 position of nmonatin (see ni@tbhered nol ecul e above)
can occur by

Racemization at the C-4 position of monatin (see numbered molecule above) can occur by
deprotonation and reprotonation of the alpha carbon, which can occur by a shift in pH or by reaction
20  with the cofactor PLP. In a microorganism, the pH is unlikely to shift enough to cause the
racemization, but PLP is abundant. Methods to control the chirality with polypeptides depend upon
the biosynthetic route utilized for monatin production.
‘When monatin is formed using the pathway shown in FIG. 2, the following can be
considered. In a biocatalytic reaction, the chirality of carbon-2 is determined by the enzyme that
25 converts indole-3-pyruvate to MP. Multiple enzymes (e.g. from EC 4.1.2.-, 4.1.3.-) can convert
indole-3-pyruvate to MP, thus, one can choose the enzyme that forms the desired isomer.
Alternatively, the enantiospecificity of the enzyme that converts indole-3-pyruvate to MP can be
modified through the use of directed evolution or catalytic antibodies can be engineered to catalyze
the desired reaction. Once MP is produced (either enzymatically or by chemical condensation), the

30  amino group can be added stereospecifically using a transaminase, such as those described herein.
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addition of a phosphate group stabilizes the enol tautoner of the

nucl eophilic substrate, making it nore reactive. |In other reactions, a
phosphoryl ated substrate often provi deExampetiter | eaving group. Simlarly,
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pyr ophosphat e derivatives onin Expression of Try spt ophan
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t r ypt ophaps amwhioh £2aBshsed BS@Sert trypphth kCibdola@pyeateised t o convert tryptophan
to i ndol e-3-pyruvate. Experinental Overview El even genes encodi ng

am notransferases were cloned into E. coli. These genes were
Experimental Overview

Eleven genes encoding aminotransferases were cloned into . coli. These genes were
Bacillus subtilis D-alanine aminotransferase (dat, Genbank Accession No. Y14082.1 bp 28622-29470
30  and Genbank Accession No. NP_388848.1, nucleic acid sequence and amino acid sequence,
respectively), Sinorhizobium meliloti (also termed Rhizobium meliloti) tyrosine aminotransferase
(tatd, SEQ ID NOS: 1 and 2, nucleic acid sequence and amino acid sequence, respectively),
Rhodobacter sphaeroides strain 2.4.1 tyrosine aminotransferase (tat4 asserted by homology, SEQ ID
NOS: 3 and 4, nucleic acid sequence and amino acid sequence, respectively), R. sphaeroides 35053
35  tyrosine aminotransferase (asserted by homology, SEQ ID NOS: 5 and 6, nucleic acid sequence and
amino acid sequence, respectively), Leishmania major broad substrate aminotransferase (bsat,
asserted by homology to peptide fragments from L. mexicana, SEQ ID NOS: 7 and 8, nucleic acid
sequence and amino acid sequence, respectively), Bacillus subtilis aromatic aminotransferase (ara7,

asserted by homology, SEQ ID NOS: 9 and 10, nucleic acid sequence and amino acid sequence,
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Streptonyces gri se&s’"e?rgg‘f (%(’o’b“ﬁ’g 1(‘39%2 rﬁmwnlﬂ\ﬁ ni n P%e& VY ot i

(ATCC nunB@r €080 aagicydenaty 4t 600EY (FBeh)af b85S @5@2% pnomrru.mzwaswri fos sepamis
DNA preparations. The Qiagen genomic tip 20/G kit (Valencia, CA) was used for genomic DNA

isolation.
Bacillus subtilis 6051 (ATCC) was grown at 30°C in Bereto Nutrient Broth (Difco; Detroit,
MI). The Qiagen genomic tip 20/G protocol was used to isolate the genomic DNA with the
35  following changes: the concentrations of proteinase K and lysozyme were doubled and incubation
times were increased 2-3 fold.
Leishmania major ATCC 50122 genomic DNA was supplied by IDI, Inc. (Quebec, Canada)
in TE buffer pH 8.0, 17 ng/pL.



30 grown to an optical density at 600 run (OD600) of 1.85 and a 2% i nocul um
was used for genom c DNA preparations. The Q agen genomc tip 20/ G kit
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Protocol Pri mefsr (W8 £ a da@sdngint ot 7hgeonpat i bl e overhangs for the pET 30
Xa/ LI C vegtor (Novagen, Madison, W). The pET vector has a 12 base single
stranded erhang on the 5 side of the Xa/LIC site and a 15-base single
st randed overﬂwr@nClzdveR@tctioyiPd@mm the Xa/LIC site. The plasmd is 20

designed for |igatp@h,d M@&aaéemm sdngmbnwmrmngmﬂ\dha@rrmbmxd#e&omdvagent ags

('EGR) o1 s oMbl YT HepFBA i RR o Shek RO OF e RE D RAL o O L ost.

such that t hesifetsiaons-bpescihge srahded svedam: dngher3esidswédic XTRE Sftc)lirh@vhwgdsequences

wer e addeﬂ) t Odésx?&:d% @Jﬁgé efperfdgft‘ 19t Qi@@teﬁ‘lﬂﬁﬁlfflé dnd §%y§1@9§§)t1m¢@-temnal
designing priners ¥or pri nmer,

reverse pri nefista Thez’? PA@WWAW)(S@E‘@OPWt Ofglf StarB%Pé?”l 9 e g%‘%btl lis
dat primers: Bi‘lit&ésmsuoEﬂmttﬁIHMW@@ﬂk‘EﬁM%TTTTAGTCAATCI}3 and C term

gl ;‘lofﬁb\%ﬁgﬁl Oet ?110t an?ﬁé?? I ITE e‘?S ré?&@w o'i%Mspecjﬂ%c s@tﬂlgnc;s@/hen
designing primers: forward primer, 5' GGTATTGAGGGTCGC (SEQ ID NO: 73); reverse primer: 5'
25  AGAGGAGAGTTAGAGCC (SEQID NO: 74).

Bacillus subtilis dat primers: N term: 5'-
GGTATTGAGGGTCGCATGAAGGTTTTAGTCAATGG-3' and C term: 5'-
AGAGGAGAGTTAGAGCCTTATGAAATGCTAGCAGCCT-3' (SEQ ID NOS: 15 and 16).

Sinorhizobium meliloti tatA primers: N term: 5'-

30 GGTATTGAGGGTCGCATGTTCGACGCCCTCGCCCG and C term: 5'-
AGAGGAGAGTTAGAGCCTCAGAGACTGGTGAACTTGC (SEQ ID NOS: 17 and 18).

Bacillus subtilis araT primers: N term: 5'-
GGTATTGAGGGTCGCATGGAACATTTGCTGAATCC and C term: 5'-
AGAGGAGAGTTAGAGCCTTAAACGCCGTTGTTTATCG (SEQ ID NOS: 19 and 20).

35 Rhodobacter sphaeroides msa (both 2.4.1.and 35053): N term: 5'-
GGTATTGAGGGTCGCATGCGCGAGCCTCTTGCCCT and C term: 5'-
AGAGGAGAGTTAGAGCCTCAGCCGGGGAAGCTCCGGG (SEQ ID NOS: 21 and 22).




30 GGTATTGAGGGTCGCATGITCGACGCCCTCGCCCG and C term 5' -

AGAGGAGAGT TAGAGCCTCAGAGACTGGTGAACTTGC (SEQ ID NOS: 17 and 18). Bacillus
subtilis woaoB/ogpradeers: N term 5 GGTATTGAGGGTCGCATGGAACATPLTAGHGAZBEC and C
term 5'- AGAGGAGAGTTAGAGCCTTAAACGCCGITGITTATCG (SEQ I D NOS: 19 and 20).

35 Rhodobact er sphaeroi des nsa (both 2.4.1.and 35053): Nterm 5
GGTATTGAGGGTCGCATGCGCGAGCCTCTTGCCCT and C term 5' -
AGAGGAGAGT TAGAGCCT CAGCCGGGGAAGCTCCGGG (SERS 1 D NOS: 21 and 22). WO 03/ 091396
-28 PCT/ US03/ 12588 Lei shmania major bsat: Nterm 5'-

GGTATTGAGGT CCCAT G CGAREACHORCERT, and C term 5 -
AGAGGAGAGT TAGA CACTCACGATTCACATTGC éSEg@I D NOs: | 23 and 24).
Lact obaci | | usCERyTHRAFIRTGHATCIRCAEERACEGCCHCCAT and € term: 5-

GGTATTGAGGGT C&GATGAGAGERAA G AGCT PSS AGA TCCA@ATTG(SEQ ID NOS: 23 and 24).

AGAGGAGAGTTAGAGCCT TA CCTCTTGTAAA Q. I D NOS: 25 and 26). Rhodobacter
sphaer oi des tat A g‘%%ﬁ‘."’_’[yﬁ”%gg}%?ai ns): Nterm 5

GGTATTGAGGEGT COER! SITOGA pGBAIRYCETALEF Gy ang Cterm: 5'-

AGAGGAGAGT TAGRGAEE AAEEPEXEXAEGEAUGTEGECC BEQGTIRANGRSE@ 1D ROSt 288)d 26). 10
Escherichia coli a gg Nterm %W@GA ACATTACCGC- 3
and Cterm 5 - A &r FIYSEQ I D NOS: 29

and 30). EscheTATHiACEEIdGAATIBGNCT.4CAACGGCTCC and C term: 5'-

GGTAT T GAGGGT CIIab 61 & L AMWARET A e i AG ARG E (SELPID NOS: 27 and 28).
AGAGGAGAGTTAGAGCCT TACATCACCGCAGCAAACG 3¢ (SEQ 1D NOS: 33" and 34). The gene
derived ftdm s. nefielieichia (g NEE“3hpl i fi ed using the fol | owi ng PCR

protocol. | nGaTAOrGAGGEREIGATIGTOTEGAGABCHTTATGIIGY end Ate: M of each pri mer,
0.4 mM each dNER ' hRhEXATOE ¥ BEG ESNORIS B 30).
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fol l owed by 28GrepetAdGENRGEAGITTCARAARGTTIM TGS silepam: 94C for 30 seconds,
55C for 2,4 n . ' A t [ j 4,4, ons the
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prot ocol produced Zhepewsdigited pm . 1omilos a1 axplifisd neneghedpllowing PGB metrceler i ved

fromR sphaef0i@es L8R 0303 L aate, L5 3 0Yd6MRidS 0.4 2MBJch BNSP, BACTEkpHS ar aT
were anplified usin L.reaction, O0.1-

_usi the fol] ow ng PCR protocol. Ing 5
25 0.5 ¢ terrpﬁ%@,del.%.’ Bolypregse oge Ib‘?l?“ﬁ%’?lg I, apd m@@&% Bﬁ%ﬁ?"t@%wﬂe E¢pand
Hi gh Fi del it yTiM tRahyned aseramasd idcXdéDeandfiit 9566 foef minuted) fdlwaidby @5 modigchs The
t her nocycher ram: N £ .at fear, Ho.m.nu
Fol | onea By 28 RAARIER: VB K eole 1o Bl Ahbul wfcior MRS e
40-60C for 1 BA9iseptitions is samplegyigwaipgipedst Ent for hRmippies e &y stapfpt 5 TRBPCR
mnutes, 15 gRGEMIEBIuASdRiduitBe1189by. epetitions the sanpl e was mai ntai ned at
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The seéquences of the genés derived from R. sphaeroides (msa and tatd), L. amylovorus

araT, and Bacillus araT were amplified using the following PCR protocol. In a 50 uL reaction, 0.1~
25 0.5 pgtemplate, 1.5 uM of each primer, 0.4 mM each dNTP, 3.5 U Expand High Fidelity™
Polymerase, and 1X ExpandTM buffer with Mg were added. The thermocycler program used included
a hot start at 96°C for 5 minutes, followed by 29 repetitions of the following steps: 94°C for 30
seconds, 40-60°C for 1 minute, 45 seconds (gradient thermocycler) and 72°C for 2 minutes, 15
seconds. After the 29 repetitions the sample was maintained at 72°C for 10 minutes and then stored
30  at4°C.
For each R. sphaeroides msa gene, the 42°C and 48°C annealing temperatures produced
multiple products, but a distinct band at approximately 1464 bp. For L. amylovorus araT, the 42°C,
48°C, and 56°C annealing temperatures yielded single products with intense bands at 1173 bp. For B.
subtilis araT, the 40°C, 45°C, 50°C, 55°C annealing temperatures generated single intense products
35 (1173 bp), from both genomic DNA and colonies. For L. major bsat, the 55°C annealing temperature
gave the cleanest product (1239 bp). For Rhodobacter tatA genes, the 50-55°C annealing
temperatures gave clean products at the correct size (1260 bp). For both E. coli genes and the B.

subtilis dat gene, an annealing temperature of 55-60°C was used, and the annealing time was
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i s inactivat e§ By e?ﬁ‘f'&?ﬂbyf-‘f ‘f’ifj“eéfmg??)@a‘fdﬁ‘? ovsangs gtk SomppgblTrith \I}‘é@( c?f"‘/[é
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22C was r epea@@%iPmGF h@ea%@%?ﬁlaﬁbo Olrlﬁ@ab‘tel‘tefn"’e(elmqllﬁ’at%é%f Sagerey a‘tQé’) hevaBMueTM
si ngl es COpre!EBTDA (ﬁ}ﬁl' cbﬁceﬁtﬁajﬁ&@-g@{hddewbeﬁm 80 chubWO)l at BPClwasirépeatbiat e aelihce for 5

m nutes. After n transfo hoc or, 30 20
seconds at 428% ‘?’F\Q “%&W?S ag‘\l/v‘é? NOVF%\@ 0SS PPy nth %Ova%efl Madl )Iélfmldomed to

recover in 25@cghtedén lcerfglcﬁrmm@méﬂattlmm% seclk Upregﬁ}leW!rlPdﬂJEBCaaﬁﬂw@?@3w th
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NCS: 1-14 and 31-3 ow nucl eot and corresponding amno acid sequences
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the recombinant aminotransferases, any changes from the Genbank sequences were either silent or

generated conservative substitutions in the protein sequence. SEQ ID NOS: 11 and 12 are novel
sequences.

30
Gene Expression and Assays

Plasmid DNA, verified by sequence analysis, was subcloned into E. coli expression hosts
BLR(DE3) or BL21(DE3) (Novagen, Madison, WI). The cultures were grown and the plasmids were
isolated using Qiagen miniprep kit, and analyzed by restriction digest to confirm identity.

35 Induction was initially performed with L. amylovorus araT, B. subtilis araT, and S. meliloti
tatd in both BLR(DE3) and BL21(DE3) cells. A time course study was performed with cultures
grown in LB containing kanamycin (30 mg/L) to an ODgp of 0.5-0.8 and induced with 1 mM IPTG
(isopropyl thiogalacatoside) and sampled at 0, 1, 2, and 4 hours post induction. Cells from 2.0 mL
were resuspended in 0.10 mL 120 mM Tris-HCI, pH 6.8 containing 10% sodium dodecyl sulfate,
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reactions were carried out in 50 mM sodium tetraborate (pH 8.5), 0.5 mM EDTA, 0.5 mM sodium

arsenate, 50 uM pyridoxal phosphate, 5 mM a-ketoglutarate, and 5 mM L-tryptophan. The reactions
30  were initiated by the addition of cell free extracts or purified enzyme and were incubated 30 minutes

at 30°C. 20% TCA (200 pL) was added to stop the reaction, and the precipitated protein was

removed by centrifugation. The absorbance at 327 nm was measured and compared to a standard

curve of freshly prepared indole-3-pyruvate in the assay buffer. Control reactions without the

substrate tryptophan or using cell-free extracts from clones transformed with pET30a alone were also
35  performed.

Due to background from the native E. coli aminotransferases in cell extracts, recombinant
proteins were purified using His-Bind cartridges following manufacturer's protocols (Novagen,

Madison, WI). The eluent fractions were desalted on PD-10 (Amershani Biosciences, Piscataway,
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i ncl usi on bo
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anmount s { recong)l nant protein Ehowed hi gh | evel s of activity above the
ef fectiveld i nBEEds 415 gRecifs °FiKE ey | n these cases a' > 15 precedes the

specific activity nunber. Table 1. Specific Activities of Clones in Cell

Extracts (CE)p A8 Gvi {HOP Wﬁie YRR &idiC
Activity Not e nedl S de; A%g‘b{légl)fe?lﬁgersn n ﬁ‘&rlr%% grE ma| olr bsat

P>4280 S. mel ERZymESs t at A CE>28.6 S. neliloti tatA P>931241tatA CE>41. 2

2.4.1 tat A PIB8Ame5053 tatA >€pécific Activity Note
(1ng I3P/mg protein/min)
L. major bsat CE >49.3
L. major bsat P >4280
S. meliloti tatA CE >28.6
S. meliloti tatA P >931
2.4.1 tatd CE >41.2
241 tatA P 1086
35053 tatA CE >62.3
35053 tatd P >486
L. amylovorus aral CE 1.26
L. amylovorus araT P 0 little protein after His-Bind
cartridge
B .subtilis araT CE 0 undetectable
B. subtilis araT P 1.5-4.5
2.4.1 msa CE 2.05 very little soluble protein
2.4.1 msa P 0 no protein after His-Bind cartridge
35053 msa CE 3.97 very little soluble protein
35053 msa P 0 no protein after His-Bind cartridge
E. coli aspC (P) 800
E. coli tyrB (P) 1 not very soluble
B. subiilis D-aminotransf.(P) | 2.7 using D-tryptophan as substrate
broad range transaminase 22 Sigma cat# T 7684
Porcine type II-A 1.5 Sigma G7005
Porcine type I 1 Sigma G2751
20 An alignment comparing all of the recombinant proteins cloned illustrates that there are not

many highly conserved areas between the araT, tatd, bsat, and msa sequences. An alignment of
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the 5 production of other stereoisoner lr’ﬂl')natl n. Exanple 2 Conversion of
I ndol e-3-1lactate to I ndol e-3-pyruvate s'ﬁown in FIGS. 1 and 3,
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The increase in absorbance at 340 nm follows the productlon of NADH from NAD". Separate

20  negative controls were performed without NAD" and without substrate. D-LDH from Leuconostoc
mesenteroides (Sigma catalog number L2395) appeared to exhibit more activity with the indole-
derivative substrates than did L-LDH from Bacillus stearothermophilus (Sigma catalog number
L5275).

S imilar methods were utilized with D-lactic acid and NAD+ or NADH and pyruvate, the

25  natural substrates of D-LDH polypeptides. The V,,x for the reduction of pyruvate was 100-1000 fold
higher than the V, for the oxidation of lactate. The Vp, for the oxidation reaction of indole-3-
lactic with D-LDH was approximately one-fifth of that with lactic acid. The presence of indole-3-
pyruvate was also measured by following the change in absorbance at 327 (the enol-borate
derivative) using 50 mM sodium borate buffer containing 0.5 mM EDTA and 0.5 mM sodium

30  arsenate. Small, but repeatable, absorbance changes were observed, as compared to the negative
controls for both L and D-LDH polypeptides.

Additionally, broad specificity lactate dehydrogenases (enzymes with activity associated
with EC 1.1.1.27, EC 1.1.1.28, and/or EC 1.1.2.3), can be cloned and used to make indole-3-pyruvate
from indole-3-lactic acid. Sources of broad specificity dehydrogenases include E. coli, Neisseria

35  gonorrhoeae, and Lactobacillus plantarum.

Alternatively, indole-3-pyruvate can be produced by contacting indole-3-lactate with cellular
extracts from Clostridium sporogenes which contain an indolelactate dehydrogenase (EC 1.1.1.110);
or Trypanosoma cruzi epimastigotes cellular extracts which contain p-hydroxyphenylactate

dehydrogenase (EC 1.1.1.222) known to have activity on indole-3-pyruvate; or Pseudomonas
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cruzi epipastigotes cellular extracts which containp-hydroxyphenyl act ate
dehydrogeH%lse (EC 1.1.1.222) known to have activity on indole-3-pyruvate;
or Pseudonobnas WD 03/ 091396 PCT/ US03/ 1Xx88ple 33 aci dovorans or E. coli

cel lular extfact&cmrpn b tolmo%@sz.ﬂlméwdm Llagtaﬁlﬁmqebxﬁaa@genase (EC
1.1.1.111); or Coleus ur ne| |c cont ai nis dr oxyphenyl pyr uvat e

reduct ase (EC 1. 1. Thipgpypple gescribesprghogisd e pom PR todRsile R PRVale iR a8 orat i ¢
lactate dehydsﬂ@&r(aee 4(366; aian]altéma&iQa’Zt)) usitigefteptepae snind@strdsdisdescstad
Joan and B DeRBLet} chaue s Shosfh os bt (sl hulsseilsade, [2°2)
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I n addition, glf’ilf ? £ g Pgbggépg %3;10333 ﬁél 5?%%‘1 3 r3r10na§1 s% (GQu et
al. J. M. CAAGBA2ET,CABSASENPYIRD], end ZEB56299- 305, 2002), can be utilized for
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purified from Crot al Fissus (S . catal og nunber
A-2805). The &6 éﬁewﬁmm%cgn@fwd@ a?ﬁ%enserfaptmtméndfbws Ered plhy
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Pa1982, peis7h: Sin sy e S B i iaBg e il s R me,

and Z48565. form of indole- 3-pyruvate which shows a maximum absorbance at 327 nm. Indole-3 —pyruvate

standards were prepared at concentrations of 0.1-1 mM in the reaction mix.
The purchased L-amino acid oxidase had a specific activity of 540 pg indole-3-pyruvate
30  formed per minute per mg protein. This is the same order of magnitude as the specific activity of

tryptophan aminotransferase enzymes.

Example 4
Converting Indole-3-pyruvate to 2-hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid with an
35 Aldolase
This example describes methods that can be used to convert indole-3-pyruvate to the 2-
hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid monatin precursor (MP) using an aldolase (lyase)
(FIG. 2). Aldol condensations are reactions that form carbon-carbon bonds between the B-carbon of

an aldehyde or ketone and the carbonyl carbon of another aldehyde or ketone. A carbanion is formed
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trypt ophan, and bl anks contained all 25 c%ﬁ‘rrponents except the oxidase.
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hydr oxy- 4- et hyl - 2- oxogl ut arat e al dol ase (4- hydr oxy-4- et hyl - 2- oxogl ut arat e
pyruvate | yase, ECTH(folbwing3rithdt}y weradesigatdddrpEE30tpd.ICdndemsat i on of two keto

aci ds. They ef or &, Bl oAb 258 RRIMRERLLIBSNO. \A@@@m«;@eam&p 166u8d3y £ t he
condensati on of indol e-3-pyruvate w tIth\g ruvate.

4- Hydr oxy- 4- neeRonss ‘?55?86?’6?’&’1’“&?‘}3 GRR 3 6966, Suel ﬁf%&qqlarcamdagl@° gt
4.1.3.17) andseducice, faypedtvaty)- BraxdcgGaTAT BIACGHIYWHOATSTCHYASECCEME BIEB| ase,
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FIG 2. Priners were designed with conpati over hangs for e pET30
Xa/ LI C vect or 2d@vagen, Madi son, W). The design of these priners is
descri bedzﬁboy.esﬁzomhifommmeezgﬂ102Tblacdoodzl @i (Agnolizbu¥ By SolySedadestgiiedNdsor pET30

Xa/ LI C cloni n95-074579 and CAC46344, nucleic acid sequence and amino acid sequence, respectively) forward 5'-
GGTATTGAGGGTCGCATGAGCGTGGTTCACCGGAA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAATCGATATATTTCAGTC-3' (SEQ ID NOS: 61 and 62).

3. Sphingomonas sp. LB126 fldZ gene (Genbank Accession No.: 7573247 Version:

30 7573247, codes for a putative acyl transferase) forward 5'-
GGTATTGAGGGTCGCATGTCCGGCATCGTTGTCCA-3' and reverse 5'-
AGAGGAGAGTTAGAGCCTCAGACATATTTCAGTCCCA-3' (SEQ ID NOS: 57 and 58).

4. Arthrobacter keyseri pcmE gene (Genbank Accession No.: AF331043 Version:
AF331043.1, codes for an oxalocitramalate aldolase) forward 5'-

35 GGTATTGAGGGTCGCATGCGACTGAACAACCTCGG—3' and reverse 5'-

AGAGGAGAGTTAGAGCCTCAGTTCTCCACGTATTCCA-3' (SEQ ID NOS: 59 and 60).
5. Yersinia pestis strain CO92 YPOO082 gene (Genbank Accession No.: 15978115
Version: 15978115, codes for a possible transferase) forward 5'-



20 1. Pseudonobnas straini nea proA gene (Genbank Accession No.: 12964663
Version: 12964663) and Conanpbnas testosteroni proA gene (SEQ I D NCS:

65- 66, nuwlceism9e®sd sequence and am no acid sequence, reSEATLS03ALIY
forward 5' - GGTATTGAGGGTCGCATGTACGAACTGGGAGITGT- 3" and reverse

5' - AGAGGAGAGTTAGAGCCTTAGTCAATATATTTCAGCC- 3" (SEQ ID NOs: 55 and 56). 25 2.
Si nor hi zobi um neliloti 1021 SMc00502 gene (hompl ogous to proA, Genbank
Accession Nos.: 15074579 and CAC46344, nifcleic acid sequence and ani no

aci d sequence, respectively) forward 5'

CGTATTGAGEGT RA SIS G AS EeMGarTT cﬁu@ﬁ 3R rEvefse 5'-
AGAGGAGAGT TA! CAATCGATATATTTCAGFC— 3 (&G | D NOGS: - 61 and 6%% 3. .
Sphi ngononas 4PACERCGAGETAGHGCHEME CACEABAM }Eféfgg% GIF D NOS; 83288 5%. vier si on:

30 7573247, codes &.0Bacallu{subriids khg%eI&QGénbirﬂcm&fssﬁfna\B)e)Z%lﬂﬁ WaFIA6B478, 126711-

GGTATTGAGGGT GI. FTGT '
AGA%AGAGTTAWX?G C%@e%“% °%E5§ %&%me ‘?Sp““&elﬁ)sf?mar >
Art hr obacter REVAEFGAGRGACHAMECACIRBANRCA @EE%”# drndNgverse AF331043 Ver si on:
AF331043. 1, cpdgschehcanscxétotiddsnratehasatdatese)SE@MROS! 35and356).
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Yersini a pestiglestaridpnl 2000 2ci RBOGxegetizcl)GanidAk Accessi on No. 15978115

031 091596, PCT LB T e A AATATCAL 3 and
an

reverse 5 A@@@ﬁ%ﬁ%*&%%%%@%%) 63 and

64). 6. Bacill us s8bs. irelilss kb gerg éFrabapkarosiok NAC A&SH T8 SHE07890 43853-4673

G : 2634478, 12070, 421300 CARHA AL oLequE L &hER8) Ansssgience and ani no

aci d sequence, respective

GGTATTGAGGGT CAGHF EEFPERCFCATRATT A P g mgverse 5
AGAGGAGAGT TAGAGEGEAAGACTA BAGCEEQUAB-3NSBQ I35 0ared a36%0). 7. E.

coli khg 9§ ne (Gen B(élnl’(l)lr(mc%gﬁ e orﬁan§sms 58%98121%- ]a]“&? § jaBévg 7vgas S’d?ﬁ‘ieﬁﬁﬁg %‘h% 20. 1,

nucleic acid and amno acid seque respective
GGTATTGAGGGT COags T @A AN Pexsala Asiag rteMug%Wew@N&@om orgamsms described
AGAGGAGAGT TAGRAGG R beAfaEEdT TAGCGCCTTCTA-3' (SEQ I D NOS: 37 and 38). 8. S

meliloti khg gene (Genbank Acces AL5917 5
65353- 64673 and C%ﬁﬁdfﬁé’éﬂs i a”ﬁ’ffﬁf‘g%g: %lgl?%lwﬁsr%" am?%)oC"L1<'§fc|uan egtgazaﬁan%
respecti vel y) hfdoxyanaats mdlmvwmm@@mm@m@mrmww Cain Negiighnt

28;’ er i g 5626 A A%%Iﬁ%mmxﬁmﬁ%%ﬂe&muw Mchnslggléam d

sms descri bed ve,
purified usi nﬁesf‘*ﬁ‘é’ VI@@E}%‘WO 3@}18%%1&% FopP ey to %ﬁeﬁ‘ﬁg@s‘iﬁg?’d&y QYaét@H i zues
the genom c D[%sefzfcbimMYEiganli B 6 de2s 2001 b dethrobavteBkdpsen §BulffEology Difikier National
Pseudonmonas s ; %H‘algfagl &%%1 BROAREs ARE LALA, B, ﬁ@&:ﬁﬂan&i@&({técmtzxg&cg)t@uand

hydr oxybenzoate ne manonas test ost eroni 49) was grown at
26C i n Nutri eBgeeze, FL 32561, USA) is grown according to the protocol escnbed by Eaton (J. Bacteriol.

25  183:3689-3703, 2001). Sinorhizobium meliloti 1021 (ATCC 51124) was grown at 26°C in ATCC
TY medium and hydroxybenzoate medium. Yersinia pestis strain CO92 (ATCC) is grown at 26°C in
ATCC medium 739 Horse blood agar. Bacillus subtilis 6051 (ATCC) was grown at 30°C in Bereto
Nutrient Broth (Difco; Detroit, MI). E. coli genomic DNA was isolated from strain DH10B

(Invitrogen) as described in Example 1.

30 The PCR, cloning, and screening protocols described in Example 1 were used to clone the C.
testosteroni and the S. meliloti proAd sequences, as well as the E. coli, B. subtilis, and S. meliloti khg
sequences. The same mefhods can be used to clone the other sequences described above.

Positive clones were sequenced using dideoxy chain termination sequencing (Seqwright,
Houston, TX) with S-tag and T7 terminator primers (Novagen), and internal primers from Integrated

~ 35  DNA Technologies, Inc. (Coralville, IA).

Expression and Activity Assays
Plasmid DNA (verified by sequence analysis) was subcloned into expression host

BL21(DE3) (Novagen). The cultures were grown in LB medium with 50 mg/L kanamycin, the



20 Broth and hydroxybenzoate nmedi um Sphingononas sp. LB 126 (Fl em sh
Institute for Technol ogi cal Research, VITO, B-2400 Mol, Belgium is grown
accor di ngwoostoaesosret hod descri bed by Wattiau et al. ( Resaarmwso3mn2sss

M crobiol. 152:861-72, 2001). Arthrobacter keyseri (Q@ilf Ecol ogy Division,
Nati onal Health and Environnental Effects Research Laboratory, U. S

Envi ronnmental Protection Agency, Qulf Breeze, FL 32561, USA) is grown
according to the protocol described by Eat®n (J. Bacteriol. 25

183: 3689- 3703, 2001). Sinorhizobiummeliloti 1021 (ATCC 51124) was grown at
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digest to COI’]?II’mI uctl on experi nmen were done with
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reagent (Novagen) and t RAetivity aythpericry prasingts pr ot ei ns were purified using
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desalted on PD-10 di sposable colums and eluted in 5 Tris-HCL  byffer,

pH 7.3 with 2°mrAgcehen tduged BdPET Hde feeappraens it eepe et G132t 504
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using indo pyruvate and sodi u ruvat substr he assay
m xture cont aPﬁFé%fﬁlJED’Ouﬁﬁﬂaqqnluémmils Pﬁlﬂca?mﬂﬁ’ ‘Bell‘éi)f eX‘Eﬁ“@”Weﬂlﬁ’CTQ enzgmagif/
pot assi um phosgagyate (pH 8) and 6 mM of each substrate in 1 nL. The

reaction was start b var un I Lol r, exanpl e
e e o SR ARt R SIRARS SRR e L0
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tructs had high [evels of Th
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(typically one order of magnitude less than when enzyme was present)

The product peak eluted from the reverse phase C18 column slightly later than the indole-3-
pyruvate standard, the mass spectrum of this peak showed a collisionally-induced parent ion ([M +
30  HJ+) of 292.1, the parent ion expected for the product MP. The major daughter fragments present in
the mass spectrum included those with m/z =158 (1H-indole-3-carbaldehyde carbonium ion), 168 (3-
buta-1,3-dienyl-1H-indole carbonium ion), 274 (292 - H,0), 256 (292 - 2 H,0), 238 (292 - 3 H20),
228 (292 - CH403), and 204 (loss of pyruvate). The product also exhibited a UV spectrum
characteristic of other indole-containing compounds such as tryptophan, with the Apy,y of 279-280 and
35  asmall shoulder at approximately 290 nm. .
The amount of MP produced by the C. festosteroni aldolase increased with an increase in
reaction terperature from room temperature to 37°C, amount of substrate, and amount of

magnesium. The synthetic activity of the enzyme decreased with increasing pH, the maximum



by SDS- PAGE anal ysis of total protein and cellular extract sanples. The C.
testosteroni gene 20 product was purified to > 95% purity. Because the
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30  increased activity of the B. subtilis enzyme.

Improvement of Aldolase Activity
Catalytic antibodies can be as efficient as natural aldolases, accept a broad range of
substrates, and can be used to catalyze the reaction shown in FIG. 2.

35 Aldolases can also be improved by directed evolution, for example as previously described
for a KDPG aldolase (highly homologous to KHG described above) evolved by DNA shuffling and
error-prone PCR to remove the requirement for phosphate and to invert the enantioselectivity. The
KDPG aldolase polypeptides are useful in biochemical reactions since they are highly specific for the

donor substrate (herein, pyruvate), but are relatively flexible with respect to the acceptor substrate
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Pseudomonads have many unusual catabolic pathways for degradation of aromatic molecules and
they also contain many aldolases; whereas the rhizobacteria contain aldolases, are known to grow in
the plant rhizosphere, and have many of the genes described for construction of a biosynthetic

35  pathway for monatin.



utilizes pyruvate and an aromati c-containi ng al dehyde as substrates;
3-hydroxyaspartate al dol ase (erythro-3-hydroxy-L-aspartate gl yoxyl ate

| yase), whioois/oasm™6 2- oxo acids as the substrates and is 2®dinaseghtssso be in
the organi sm M crococcus denitrificans; benzoin al dol ase (benzal dehyde

| yase), which utilizes substrates containing benzyl groups;

di hydroneopterin al dol ase; L-threo-3- phenyl serine benzal dehyde-| yase
(phenyl serine al dol ase) whi ch condenses g¥§C|ne wi th benzal dehyde;

4- hydr oxy- 2- oxoval erat e al dol ase; 1, 2-di hydroxybenzyl pyruvat e al dol ase; and
2 hydroxybenzal pyruvat e al dol ase. 25 Amehpipspti de having the desired
activity can be selected by screenl nes of interest using the

fol | owi ng net hods. Trypt ophafhexisay X"gfﬁ%“fé'?"eMl"}aémgfeﬁ?rﬁ‘Ed with vectors
carrying the cIonEﬁm@k4mﬂ&ﬂﬁeshwmmhﬂnmmymamdse@nmmassﬂm&é?amdmﬂméegrown on
a medi um cont ajni ng . mnat |

am not r ansfer a?'sems{y aﬁW'@“ﬁ%@Zm?‘%‘é {ltfrgﬁmglﬁgf}ro{éﬁp \73%453{ %ﬁ),nﬁtsheé{mépéei (}egcngerse abl e
to produce tmafeesiiemethedofithamicallyemtiesinpsdBire of nonatin. Sinmilarly,

organi snms (both recgyum ﬁ@dﬂ&edadsvds@g()a ty,sl&adznw@r);e &‘oadbnh&orﬂmtee)’lﬂ%ﬁefblya BHtdlity to
natin _as. a.c ner. f target

utilize MP or rce. !
al dol ases is ﬂ%gpgeé%e?cgﬁn’ln}’%vre?a{hf energqon\?garcla%’usmf?g%ehua n‘%ﬁa]eg[erug ¥ %:n Fobatt eri al
strains. Psewdomwdbadbthivendésoprmnylanida)dighaim @a&%wldlséazmtohwwwglr Thl%gr adat i on

of aromatic mlRe &5 lsa%eﬁtratédb&yts%ﬁﬁe ﬁmwamwnﬂ&@h@@%du&her eas the
r hi zobactf ia contain dol ases

0
rhi zosphe and hBRPECtRE BuRsfhat g ‘i“l% T‘fﬁfg pd‘é%‘&‘?% Bgv%ed?ﬁoé%’ﬁ%‘ih@ﬁ @f“ BAbt a
bi osynt het i c Iﬁﬁltepat twetoxfy curbonyd Ki2xc), and BARY 0S8 8B Ebz). IGoRTE tIBB I¢r A B@Blic
Ex arrpl e 5 Ch emuﬁ ﬁl lué%/ {Mt Qx%%bt%m@cgd tB Qﬂcyf @ﬁ@kﬁ)ﬁxgﬁlﬁ@ HlEtﬁﬂ retlgﬂ( @éﬁE}l’l @stés) d%@r{ i bed a

met hod of using dolase to convert indol e-3 ruvate to t he 2- ﬁydroxy

2- (i ndol - 3-yl Wémytpsﬁnagw gre giethitds ?%P‘%i%‘i’lﬁlt"ﬁ‘b‘ﬁfz&‘(tp sPehesy pf heppgtuct Paf iy

exanpl e descr fohfs. Howabr, ARD eddaRB mecmtﬁmebnmg‘gr@be(mccaj bugh ssy(B Heganali ng MP.
ahe NP 1S14 0T HEtheD¥: Sl Gnfhe (HhPLf RyortedRal R o AHAGHRRL: Bk [iE bifer, 4) -
Briefly, atyplca al yereactlon Invol ves the generation of a
carbani on of the pyruvate ester using a strong base, such as LDA (lithium
di i sopropyl anmi de), lithium hexanet hyI di]ﬁh,hpizane or butyl lithium The
carbanion that is generated reactLIs th t}edole_g_g ruvaﬁé’ ate to formthe
coupl ed product. 10 Prot€¢tTRY" §r SRR e AR HE W] or protecting the
i ndol e nitrogen i néhindéro ringtss atilaing oro enfyimes, @Ie@jmnmnﬁerwnww%a% pediged (Boc),

and benzyj®xy g.aL.00BYh trirtddgan an(Bﬂ)yQ(PlK’k nﬁﬂﬂffwaesp aﬁpqaa-k&@m%wds%e a@spt&}s,fihacl ude,
but are not limted to, alk esters benzyl

esters). When*™EEARAf OB R Iﬁﬁ n 5 ARG ﬁlr"% reﬁ?‘gggenfr?“n? énd%'% P ‘éa§ B‘f e
control the sglereoeemidtargcaplyzdlite sposiderctontinalich rszmvart@wm@cted—im»@le 3~| f R2
and/or R3 ar e atre ai.}m thP E)I,Q;eﬁ&tok 10@2* gﬁcﬂ)‘ﬂ&?ha(eF éeg%ratﬁ% the §fﬂﬁatke§>$lel(n§)we 2f Jﬂbﬁa@fp ol, 15

ment hol , or achiral am ne hI's can_favor formation of one

enanti omer ov @P)t%‘é"dﬁ’f‘ﬁ%‘ﬁm‘i"ﬁﬁiww) é'k@ﬁ]i‘ifaé’t%?l% - rgetergt s ABIA SR o e

| ndol e- 3- Pyr uyiafa@até ridamethd firstAdhction prodicedthPdesiced psrdut, imohatin nBurifivatioreandy nes, an
am not r ans1|‘ ﬁr £ %ract%?z%lo?i%f @!e %gg%eﬁtabhgﬁe gﬁﬁeﬂson‘%pfo%ﬁ %J ﬂs Iu%x?a‘ﬁh t&l%ﬂl%@\ghan and

pyruvat e. utarate was the acceptor of the
substrates, enzymes, and condltlons are descnbed as well as improvements that were rnade to this

process.

30  Enzymes
The aldolase, 4-hydroxy-4-methyl-2-oxoglutarate pyruvate lyase (ProA aldolase, pro4 gene)
(EC 4.1.3.17) from Comamonas testosteroni was cloned, expressed and purified as described in
Example 4. The 4-hydroxy-2-oxoglutarate glyoxylate lyases (KHG aldolases) (EC 4.1.3.16) from B.
subtilis, E. coli, and S. meliloti were cloned, expressed and purified as described in Example 4.

35 The aminotransferases used in conjunction with the aldolases to produce monatin were L~
aspartate aminotransferase encoded by the E. coli aspC gene, the tyrosine aminotransferase encoded
by the E. coli tyrB gene, the S. meliloti TatA enzyme, the broad substrate aminotransferase encoded
by the L. major bsat gene, or the glutamic-oxaloacetic transaminase from pig heart (Type ITa). The
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The supernatant (7 ml) was applied to a 100 mL Fast Flow DEAE Sepharose (Amersham
30  Biosciences) column previously converted to the acetate form by washing with 0.5 L 1 M NaOH, 0.2

L water, 1.0 L of 1.0 M ammonium acetate, pH 8.4, and 0.5 L water. The supernatant was loaded at
<2 mL/min and the column was washed with water at 3-4 mL/min until the absorbance at 280 nm
was ~0. Monatin was eluted with 100 mM ammonium acetate, pH 8.4, collecting 4 100-mL
fractions.

35 Analysis of the fractions showed that the ratio of tryptophan to monatin in the flow through
fractions was 85:15 and the ratio in the eluent fractions was 7:93. Assuming the extinction

coefficient at 280 nm of monatin is the same as tryptophan, the eluent fractions contained 0.146
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characteristics typical of indole containing conp
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illustrated in FIG ane ustrates sel ect ed
i on chr onat ogerlamneffermed premematin: mﬂ@&rmmmeﬁm b FopAtin fpdlivsirated “hIfIGn? z = 293.
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168 (3-buta-1,3-dienyl-1H-indole carbonium ion), 158 (1H-indole-3-carbaldehyde carbonium ion),

144 (3-ethyl-1H-indole carbonium ion), 130 (3-methylene-1H-indole carbonium ion), and 118 (indole

carbonium ion). Many of these are the same as those obtained for MP (Example 4), as expected if
30  derived from the indole portion of the molecule. Some are 1 mass unit higher than those seen for
MP, due to the presence of an amino group instead of a ketone.

High Resolution MS analysis. FIG. 8 illustrates the mass spectrum obtained for purified
monatin employing an Applied Biosystems-Perkin Elmer Q-Star hybrid quadrupole/time-of-flight
mass spectrometer. The measured mass for protonated monatin using tryptophan as an internal mass

35 calibration standard was 293.1144. The calculated mass of protonated monatin, based on the
elemental composition Ci4H;7N,05 is 293.1137. This is a mass measurement error of less than 2
parts per million (ppm), providing conclusive evidence of the elemental composition of monatin

produced enzymatically.



absorbance at 280 nm The mass spectrumwas identical to that shown in FIG
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for both R- and S- tryptophan and [M + HJ" =293 for monatin) allowed direct identification of these

analytes in the mixtures.
The chromatograms of R- and S-tryptophan and monatin, separated by chiral
30  chromatography and monitored by MS, are shown in FIG. 9. The single peak in the chromatogram of
monatin indicates that the compound is one isomer, with a retention time almost identical to S-

tryptophan.



The LC nobil e phase consisted of A) water containing 0.05% (v/v)
trifluoroacetic acid; B) Methanol containing 0.05% (v/v) trifluoroacetic
aci d. Thewsl astovordewas i socratic at 70% A and 30% B. The fHawSoatzsssas 1. 0
mL/ m n, and PDA absorbance was nonitored from 200 nmto 400 nm The
instrunental paraneters used for chiral LC M5 anal ysis of tryptophan and
nonatin are identical to 25 those described in Exanple 10 for LG/ M5

anal ysis. Collection of mass spectra for “he region mz 150-400 was
utilized. Selected ion chromatograns for protonated nolecular ions ([M+

H + = 205 fof,pok hgRviR@g, S-tryptophan and [M + H + = 293 for nonatin)
allowed direct 1dentification of these anal ytes in the mxtures. The
chromat ograns of R- and S-tryptophan and { t| n, separated by chiral 30
chromat ogr aphy and noni tored by Ms, are s HQWN in FIG 9. The si ngl e peak in
t he chromatogram of nonatin indica Latwt e, conpound i s one isoner,

wth a retention tinme al nost identi it rypt ophan. WO 03/091396 -43

; dI'lMeggaar et al.'2 Takeshi et al.
AtonSHI(HH) HzSHI(HH) HzSHI(HH) Hz 27.192 (11-1, 7.192(s)7.18(s) s) 47.671
(d)7.997.686 (d)7.97.67 (d)8.0 57.104 (dd)7.997.102 (dd)8.0, 8.07.11
(dd) 7.5, 7.5[67.178 (ddyghi7. 176 (dd)8. O ViBe@retd7 (dd) 7. bTakgshbet 77, 439
(d)7.997. 439 Ae8. 17143 (d) 8. 0y@BxBz 2434d) 14. 5IMHBHL d) d:4. 33. 24IJE) Ba. 5
10b3. 033 (d){12. 53. 051 7(1e) 14, 33. 05 (d) 14.1%(322.1626 (dd) |18 EG), 1|5 2.651 |(dd)
15.3, 1.7 2.62 (dd) 18 5, 1.8 2 015 (qdd)15.0, {12.02.006 (dd)15/3, 11.72. 01
(dd) 15.5, 12| 133. 577.674d) 10 79 1 536869 ( m911 6 1785d57 (88)12 0] 1.8
VI eggaar et B¥ (1 Cl&104@idki 7% ans | 7:162(dd). d 8.0 882) ﬁllg(dﬂbamaz&_%,nd_

Shusuke (JP2p020603827-12%d9. ob* 26)  TafiL#6 @) 11&0 BB daf-h @ ol oni
spectrum) Cabgi 1429} 1 7.99 7.439 (d) 7743 (d) 8.0
a 3.242(d) 14.5 3.243 (d) 14.3 3.24 (d) 14.5
10b 3.033 (d) 14.5 3.051 (d) 14.3 3.05 (d) 14.5
12 2.626 (dd) | 15.5,1.5 2.651(dd) | 15.3,1.7 2.62 (dd) 15.5,1.8
2.015(dd) |15.0,12.0 |2.006(dd) |153,11.7 |2.01(dd) 15.5, 12.0
13 3.571(dd) | 10.75%,1.5 |3.168(dd) | 11.6,1.8 3.57 (dd) 12.0, 1.8

TVleggaar et al. (J.C.S. Perkin Trans. 1:3095-8, 1992).
5 2 Takeshi and Shusuke (JP2002060382, 2002-02-26).

Table 3: *C NMR data (from HMQC spectrum)

Cargill Vleggaar et al.!

Atom 8¢ d¢

2 126.1 126.03
3 * 110.31
4 1204 120.46
5 120.2 120.25
6 122.8 122.74
7 112.8 112.79
8 * 137.06
9 * 129.23
10a 36.4 36.53
12 39.5 39.31
13 54.9 54.89
14 * 175.30
15 * 181.18

TVleggaar et al. (J.C.S. Perkin Trans. 1:3095-8, 1992).

10 Polarimetry. The optical rotation was measured on a Rudolph Autopol III polarimeter.
The monatin was prepared as a 14.6 mg/mL solution in water. The expected specific rotation ([o]p™)
for S,S monatin (salt form) is -49.6 for a 1 g/mL solution in water (Vleggaar et al). The observed
[a]p™® was -28.1 for the purified, enzymatically produced monatin indicating that it was the S, S

isomer.



At onS5C6C 2126.1126. 03 3*110. 31 4120.4120. 46 5120.2120. 25 6122.8122. 74
7112.8112.79 8*137.06 9*129. 23 10a36. 436.53 1239. 539. 31 1354. 954. 89
14*175. 30wibo3h813948 VI eggaar et al. (J.C S. Perkin Trans. PCTA0®3A#881992) .
10 Pol arinmetry. The optical rotation was nmeasured on a Rudol ph Autopol 111
pol arimeter. The nonatin was prepared as a 14.6 ng/nL solution in water.
The expected specific rotation ([c]020) for S, S nonatin (salt form is
-49.6 for a 1 g/ solution in water (Vletfgaar et al). The observed MD 20
was -28.1 for the purified, enzymatically produced nonatin indicating that
it was the S, ”ﬁwvmfghyg&r. WO 03/ 091396 -44 PCT/ US03/12588 | nprovenents The
reaction condll I ons, 1ncluding reagent and enzyne concentrations, re
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and solid tryghepaibn 60 6afidar)1@0 LYm oficepirfagtamtairaiferaseGcoddiby thaEumiét ed;
sone undi ssol ved t hroughout the reaction). L xture ' o] at
30C tor 4 noutC aTEHl et U AR o8 VIt St M RS
concent r atQ oncopfentzdtipheli-1@ o (seratedsemcadislied trduaben the gragtiophThtgixture was
suppl ement ed ik Py sEMASRBLL Aifeiclsrdflorihyal ent yi el d of nonatin.
Al ternative amno acid acceptors can be utilized 15 in the first step,
such as oxal ofth&ft#ioss \\hen reconbi nant L. najor broad substrate

am: not r ansf er ase V\mlﬁeo.uﬁﬁﬂraﬁqm ophlalcaecetoglutm’ae_cﬁbe redaded tol1-nag prairstyspltenented with 9
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second

15  in the first step, such as oxaloacetate.

‘When recombinant L. major broad substrate aminotransferase was used in place of the E.
coli L-aspartate aminotransferase, similar yields of monatin were achieved. However, a second
unidentified product (3-10% of the major product) with a molecular mass of 292 was also detected by
LC-MS analysis. Monatin concentrations of 0.1-0.5 mg/mL were produced when the E. coli tyrB

20  encoded enzyme, the S. meliloti tat A encoded enzyme or the glutamic-oxaloacetic transaminase from
pig heart (type I1a) was added as the aminotransferase. When starting the reaction from indole-3-
pyruvate, a reductive amination can be done for the last step with glutamate dehydrogenase and
NADH (as in Example 7).

The KHG aldolases from B. subtilis, E. coli, and S. meliloti were also used with the E. coli L-

25 aspartate aminotransferase to produce monatin enzymatically. The following reaction conditions
were used: 50 mM NH,-OAc pH 8.3, 2 mM MgCl, 200 mM pyruvate, 5 mM glutamate, 0.05 mM
pyridoxal phosphate, deaerated water to achieve a final volume of 0.5 mL after the addition of the
enzymes, 3 mM potassium phosphate, 20 ug/mL of recombinant B. subtilis KHG aldolase (purified),
ca. 400 pg/mL of E. coli L-aspartate aminotransferase (AspC) unpurified from cell extract, and 12

30  mM indole-3-pyruvate. The reactions were incubated at 30°C for 30 minutes with shaking. The
amount of monatin produced using the B. subtilis enzyme was 80 ng/mL, and increased with
increasing amounts of aldolase. If indole-3-pyruvate and glutamate were replaced by saturating
amounts of tryptophan and 5 mM alpha-ketoglutarate, the production of monatin was increased to
360 ng/mL. Reactions were repeated with 30 pg/mL of each of the three KHG enzymes in 50 mM

35  Tris pH 8.3, with saturating amounts of tryptophan, and were allowed to proceed for an hour in order
to increase detection. The Bacillus enzyme had the highest activity as in Example 4, producing
approximately 4000 ng/mL monatin. The E. coli KHG produced 3000 ng/mL monatin, and the S.
meliloti enzyme produced 2300 ng/mL.
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alpha—ketoglutarate were tested as the armno acceptor The assay Inlxture contalned in 0.5 mL) 50

mM Tris-HCl, pH 8.0, 0.05 mM PLP, 5 mM amino acceptor, 5 mM monatin, and 25 pg of

aminotransferase. The assays were incubated at 30°C for 30 minutes, and the reactions were stopped
30 by addition of 0.5 mL isopropyl alcohol. The loss of monatin was monitored by LC/MS (Example

10). The highest amount of activity was noted with L. major BSAT with oxaloacetate as the amino

acceptor, followed by the same enzyme with alpha-ketoglutarate as the amino acceptor. The relative

activity with oxaloacetate was: BSAT > AspC > porcine type Ila > porcine type I =TyrB. The

relative activity with alpha-ketoglutarate was: BSAT > AspC > porcine type I > porcine type ITa >
35 TyiB.



were carried out without the addition of substrate, and gl utamate was
utilized as a positive control. 20 The type |1l glutamte dehydrogenase
from bovi we® d3r9ex96 (Si gma # G 7882) catal yzed t he conver si @cT/eso3tidsss nonat i n
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reactions. from E. coli DH10B was used as a template for PCR as described in Example 1.

The gene for tyrosine-phenol lyase was isolated from C. freundii (ATCC catalog number
30 8090, Designation ATCC 13316; NCTC 9750) and grown on Nutrient agar (Difco 0001) and nutrient
broth (Difco 0003) at 37°C to an OD of 2.0. The genomic DNA was purified using a Qiagen
Genomic-tip ™ 100/G kit.

PCR Amplification of Coding Sequences
35 Primers were designed with compatible overhangs for the pET 30 Xa/LIC vector (Novagen,
Madison, WI) as described above in Example 1.
E. coli tna (SEQ ID NO: 41). N-terminal primer for pET30 Xa/LIC cloning: 5'-GGT ATT
GAG GGT CGC ATG GAA AAC TTT AAA CAT CT-3' (SEQ ID NO: 43). C-terminal primer for



Additionally, cells or enzymatic reactors can be supplied with |actate and
an enzyne that converts lactate to pyruvate. Exanples of enzynes capabl e
of cat al ywniongp/obdigs reaction include | actate dehydrogenasecamksoBazisat e

oxi dase. 25 Isol ation of Genom c DNA Tryptophanase pol ypepti des have

previ ously been reported in, for exanple, Muratou et al. (JBC 274:1320-5,
1999). To isol ate genes that encode trypt ophanase pol ypepti des, genom c DNA
fromE. coli DHLOB was used as a tenplate&’for PCR as described in Exanpl e
1. The gene for tyrosine-phenol |yase was isolated fromC freundii (ATCC
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Nut ri ent agar co 0001y and nutrient broth (Difco 0003) at 37Cto an CD
of 2.0. The ¢é @H?ETODHA was purified using a Q agen Genomc-tip TM 100/ G
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AAA CAT CT-3 é§|ﬁ@\jb[l1 MO 43). C—term nal prinmer for WO 03/091396 -47
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NO 46). Mhe %&ﬁ‘é GEngrepnqpaizetien)-c Thethsragy s Bk @ﬁ%’a‘B3§§ VAt f‘ﬂlﬁ'fvs &k Ih%trst(“ﬁgs used
for all PCR #meaed),9ams-30kdtok) 4glsoms naﬂﬁheﬁ s€ofmls Jg°c -enfpib@ésel 5 ggerdond c DNA) ,

1.0 Mof each eac

Pol yner ase (Rtogelt]l1ﬂ3m IB?QL'EX BgﬁM er /ﬂ n st pwas ci‘rﬁﬁguugs %Pt@%}gmgfe%%ég t'h%f%lol%]eg)ét
concentrati on¥°C. The t hernocycl er PCR program used was as follows: 96C hot
start (5 mnutes), 94C - 30 seconds, 40-60C - 1 mnute 45 seconds, 72C - 2
m nut es 1]5 seconds; 30 repetitions. The final polynerization step was for
7 ninutesl® anforife sanpl es were then stored at 4C. 15 doning Conin and
positive cl one i deflbpifg mdppsiive gomsddedtificetivn grotedinkedtaiidsebere imExpuplprhvere yse

used to |den{0|1(je)(m%ﬂga rigptihRt e clones. Gene Expression and Activity
Assays 20 Plasmd vérified by sequence anal ysis) was subcloned into

t he expression host BL21( DE3) (Novagen). The cultures were grown in LB
medi um Wi.t h 3C@edad@ikhredsinn aid/Laivity Asdugs  pl asm ds were isol ated using a Q agen

m ni prep fd t, and ﬁgs%luy 51%& (J%Xﬁgd%§g§qhe(ﬁtzé agﬁys%.b G53hbcloReGRAB fuk E;Epressl:i&l%@ti ty.

BL21(DE3) (Novagen). The cultures were grown in LB medium with 30 mg/L kanamycin, the

plasmids were isolated using a Qiagen miniprep kit, and analyzed by restriction digest to confirm
identity.
Induction experiments were done with the BL21(DE3) expression host, the constructs were
25 grown in LB medium containing 50 mg/L kanamycin at 37°C. Protein expression was induced using
0.1 mM IPTG after the ODgpp of the culture reached approximately 0.6. The cells were grown for 4
hours at 30°C and harvested by centrifugation. The cells were then lysed in 5 mL/g wet cell weight
BugBuster™ (Novagen) reagent containing 5 pL/mL protease inhibitor cocktail set #1I1
(Calbiochem) and 1 pL/mL benzonase nuclease (Novagen), and the His-tagged recombinant proteins
30  were purified using the His-Bind cartridges as described above in Example 1. Purified proteins were
desalted on a PD-10 (G25 Sephadex, Amersham Biosciences) column and eluted in 100 mM Tris-Cl
buffer, pH 8.0. The proteins were analyzed by SDS-PAGE on 4-15% gradient gels to check for

soluble protein levels at the predicted MW of the recombinant fusion protein.

35  Mutagenesis
Some members of polypeptide class 4.1.99.- (tryptophanase and B-tyrosinase) will perform
the beta-lyase reaction with aspartate or similar amino acids without any modification. However,

some members of the class may need to be mutagenized to allow for the use of the substrates and/or
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5' - 25  arginine (R) (in C. freundii mature protein sequence).

C

Primers for the R100T conversion were: 5°-
AGGGGACCGGCGCAGAAAACCTGTTATCG-3’ (SEQ ID NO: 51) and 5°-
AGGGGACCGGCGCAGAAAACCTGTTATCG-3’ (SEQ ID NO: 52). Primers for the V283R
conversion were: 5’-GTTAGTCCGCGTCTACGAAGGGATGCCAT-3’ (SEQ ID NO: 53) and 5°-

30 GTAGACGCGGACTAACTCTTTGGCAGAAG-3’ (SEQ ID NO: 54).

The methods described above were used, and the clones were screened by Kpnl/Sacl
digestion, and BstX I digestion. The sequences were verified by dideoxy chain termination
sequencing. Recombinant protein was produced as described above for the wildtype enzymes.

The reaction mixture consisted of 50 mM Tris-Cl pH 8.3, 2 mM MgCl,, 200 mM C3 carbon

35  source, 5 mM alpha-ketoglutarate, sodium salt, 0.05 mM pyridoxal phosphate, deaerated water to
achieve a final volume of 0.5 mL after the addition of the enzymes, 3 mM potassium phosphate pH
7.5, 25 pg of crude recombinant C. testosteroni ProA aldolase as prepared as in Example 4, 500 pg of
crude L-aspartate aminotransferase (AspC) as prepared in Example 1, and solid tryptophan to afford a
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transamination as a secondary activity. The amount of monatin produced with serine as a carbon
source nearly doubled with the addition of the tryptophanase enzymes, even though only one-fifth of
the amount of tryptophanase was added in comparison to the aminotransferase. AspC is capable of
some amount of beta-elimination activity alone. The results with aspartate indicate that the
tryptophanase activity on aspartate does not increase with the same site-directed mutations as
previously suggested for B-tyrosinase. It is expected that the mutant B-tyrosinase will have higher

activity for production of monatin.

Example 9
A Chemical Synthesis of Monatin

The addition of alanine to indole-3-pyruvic acid produces monatin, and this reaction can be
performed synthetically with a Grignard or organolithium reagent.

For example, to 3-chloro- or 3-bromo-alanine which has been appropriately blocked at the
carboxyl and amino groups, is added magnesium under anhydrous conditions. Indole-3-pyruvate
(appropriately blocked) is then added to form the coupled product followed by removal of the
protecting groups to form monatin. Protecting groups that are particularly useful include THP
(tetrahydropyranyl ether) which is easily attached and removed.

W th



sone amount of beta-elimnation activity alone. The results with aspartate
indicate that the tryptophanase activity on aspartate does not increase
wi th the wans/mwie-directed nutati ons as previously suggexiTecksoBozsss
f3-tyrosinase. It is expected that the nutant (3-tyrosinase will have

hi gher activity for production of nonatin. 20 Exanple 9 Chem cal Synthesis
of Monatin The addition of alanine to indole-3-pyruvic acid produces
nmonatin, and this reaction can be perforffed synthetically with a Gignard
or organolithiumreagent. 25 For exanple, to 3-chloro- or 3-brono-al ani ne
whi ch has been appropriately bl ocked aﬁgxgrmﬁemcar boxyl and am no groups, is
added magnesi um under anhydrous conditions. | ndole-3-pyruvate
(appropriately blocked) is then RdeHR ¥Meain ML oupl ed product fol | owed
by renoval of the Thisedamplt describey moditpds dsal th ddtert thopresenca of iRmaing@tits prgeugpb 0P S
that are particul arl.y.: use .. (tetrahydropyranyl ether) which
is easily attg% é{gEzgxh%flﬂ?g%\t}l %2%%8%\%1%%(1091396 PCT/ US03/ 12588 -50 Exanpl e
10 Detect? onLl&6MS\vBrltisn and MP This exanpl e descri bes methods used to
detect the presenc@nffsedB¥Rmlnir&, for@e alphSkddf REUGTHQIE mdnatil §heba % Yrecursor, MP) and

2- (i ndol - 3-yl net pglé.—%—{eto er utari c aeid. 5 LGNS Anal ysis Analyses of

m xtures for PREVAMENEOEEER P 18 B BORAT TR "CIoRatTh precur sor, M)
and nonatin S&freisiMidofpse Hyuidchromplograghy-tandenvinasesppétowhionl e S/ MPdpstriems  wer e
perforned usi BQn@ng IWHLES S6VNiGH @B Btoblaptikiith [OEETV6 PHHADRYE A:aH GIR)TBS S
spect romeltl y SLC/ I\%S N?% i nst(g%rrent I r;%iug}é)n% agg\gat%i. 2690 | I"%wﬂgﬂ’é

chr omat ogt Aph KPP AP IAce B B iR P PN S HR AP AR AP PHRicToTEss S5EoY e

noni t or pl acedipiequsigpble siad eteviartet. HE sefuratiom rogmapghusand Sepekd BsormasSisQuat tro

Utinma tripl e, guadtipalentRsshy 3066t bIREES0 mhCorsa Raha Ms@)RviRl pnaBde usi ng
a Supel co Discovery Cl18 rever sed#phase chr omat ogr a h{ col,#]r;n . 1mm x 150
2 pﬁ‘&? € 81

nm or an Xt efrepatisraply olRpR Sl HRIIE, AR FRPEH TS hase copisigdot 250
mm at room t aypaéabisdising 01056 (WE) Hitbirdacetip vatsad Bpnshmbleohtading/Q)05vet/ex
containing<0.02% (v/v) trifluoroacetic acid and B) nethanol containin

0. 05% (v/ g? %glu%r%?cftfcﬁg)l?'oace'ti c acid. The gradient elution was |inear gf rom
5% B to 35% B, 0-97Thi giadiont eisian wisdiaewr 85966 Briey3 Yo Be0F) mingingag fipm A0% PStWeldi ¢ at
90% :3_, b16- 20 Bi1Bmid, ig&gﬁ& atfonRm, a@%rﬁn,uiaea??/oﬁgovzﬁm?% B] 20,22 Wik, Ritla mGnimeg re-
equi 1 bration I et ween runs., The ow r.at e was ni/ mn, and PDA
absor bance wa5‘5{13%%?%8?%%%%6%%“50Bhenf{r%wtr%te i) zf%lrlhgL oRP an%%’%‘g?rbé TS HE the

ESI - MS wer e oppiilvied édmafinng o|48¢ine cA lbrasandters Of hnEY e vae epdimized ang pedrciohbaseld

nol ecul ar 29 ongy éeilMtiBn b protefateli BiSleANRINL (B + i) bithemB$tks of BikebsDLnA FraGcti brOf
characteristic ra(fment ions. The follow ng instrunmental paranmeters were
used for LC/ MEBRFIVSFE ST Wnatin: Capillary: 3.5 kV; Cone: 40 V; Hex 1:
20 V; Aperture: O Vhe fbb)wilgjinsﬁurh@ntaa@m@rsmewpmdémmﬁéx{ls 4n@IPGS of monatin: Capillary:
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Desolvation temperature: 350°C; Desolvation gas: 500 L/h; Cone gas: 50 L/h; Low mass resolution
25 (Q1): 15.0; High mass resolution (Q1): 15.0; Ion energy: 0.2; Entrance: 50V; Collision Energy: 2;
Exit: 50V; Low mass resolution (Q2): 15; High mass resolution (Q2): 15; Ion energy (Q2): 3.5;
Multiplier: 650. Uncertainties for reported mass/charge ratios (m/z) and molecular masses are +
0.01%. Initial detection of the alpha-keto acid form of monatin (MP) and monatin in the mixtures
was accomplished by LC/MS monitoring with collection of mass spectra for the region m/z 150~400.
30  Selected ion chromatograms for protonated molecular ions ([M + H]" = 292 for MP, [M + H]" =293

for monatin) allowed direct identification of these analytes in the mixtures.

MS/MS Analysis
LC/MS/MS daughter ion experiments were performed on monatin as follows. A daughter
35  ionanalysis involves transmission of the parent ion (e.g., m/z = 293 for monatin) of interest from the
first mass analyzer (Q1) into the collision cell of the mass spectrometer, where argon is introduced

and chemically dissociates the parent into fragment (daughter) ions. These fragment ions are then
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Trp-1 + glucose medium, a minimal medium that has been used for increased production of

tryptophan in E. coli cells (Zeman et al. Folia Microbiol. 35:200-4, 1990), was prepared as follows.
To 700 mL nanopure water the following reagents were added: 2 g (NH,),SO4, 13.6 g KH,PO,, 0.2 g
30  MgSO47H,0, 0.01 g CaCl«2H,0, and 0.5 mg FeSO4+7H,0. The pH was adjusted to 7.0, the volume
was increased to 850 mL, and the medium was autoclaved. A 50% glucose solution was prepared
separately, and sterile-filtered. Forty mL was added to the base medium (850 mL) for a 1 L final
volume.
A 10 g/L L-tryptophan solution was prepared in 0.1 M sodium phosphate pH 7, and sterile-
35  filtered. One-tenth volume was typically added to cultures as specified below. A 10% sodium
pyruvate solution was also prepared and sterile-filtered. A 10 mL aliquot was typically used per liter
of culture. Stocks of ampicillin (100 mg/mL), kanamycin (25 mg/mL) and IPTG (840 mM) were
prepared, sterile-filtered, and stored at —20°C before use. Tween 20 (polyoxyethylene 20-Sorbitan
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well as cultures where tryptophan and pyruvate were not added. A parent MS scan demonstrated that
30  the compound with (m+1)/z =293 was not derived from larger molecules, and daughter scans
(performed as in Example 10) were similar to monatin made in vitro.
The effect of Tween was studied by utilizing 0, 0.2% (vol/vol), and 0.6% final
concentrations of Tween-20. The highest amount of monatin produced by shake flasks was at 0.2%
Tween. The ampicillin concentration was varied between 0 and 10 pg/mL. The amount of monatin
35  in the cellular broth increased rapidly (2.5 X) between 0 and 1 pug/mL, and increased 1.3 X when the
ampicillin concentration was increased from 1 to 10 pg/mL.
A time course experiment showing typical results is shown in FIG. 10. The amount of

monatin secreted into the cell broth increased, even when the values are normalized for cell growth.
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monatin produced by seven-fold. To hasten growth, BL21(DE3)-derived host strains were used. The

prod clones and the two gene operon clones were induced in Trp-1 medium as above, the pLysS

hosts had chloramphenicol (34 mg/L) added to the medium as well. Shake flask experiments were

performed with and without the addition of 0.2% Tween-20 and 1 mg/L ampicillin. The amount of

35  monatin in the broth was calculated using in vitro produced purified monatin as a standard. SRM
analyses were performed as described in Example 10. Cells were sampled at zero, 4 hours, 24 hours,
48 hours, 72 hours, and 96 hours of growth.
The results are shown in Table 5 for the maximum amounts produced in the culture broths.

In most instances, the two gene construct gave higher values than the proA construct alone. The
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15 The pESC vestribedinddyekanpie. both the GAL1 and the GALlO pronoters on
opposite strands, %et S&%asg%ﬁt%ﬁe%églﬂyehblpéﬁelﬁ @04, ge ih 528 caAgbhaidatg for

expr ession of two /P
clone an express the E. coli aspC and C. testosteroni pro4 genes mto Saccharomyces cerevisiae.

15  The pESC vectors contain both the GAL1 and the GAL10 promoters on opposite strands, with two
distinct multiple cloning sites, allowing for éxpression of two genes at the same time. The pESC-His
vector also contains the His3 gene for complementation of histidine auxotrophy in the host
(YPHS500). The GAL1 and GAL10 promoters are repressed by glucose and induced by galactose; a
Kozak sequence is utilized for optimal expression in yeast. The pESC plasmids are shuttle vectors,
20  allowing the initial construct to be made in E. coli (with the bla gene for selection); however, no
bacterial ribosome binding sites are present in the multiple cloning sites.

The following primers were designed for cloning into pESC-His (restriction sites are
underlined, Kozak sequence is in bold): aspC (BamHL/Sall), GAL1: 5'-
CGCGGATCCATAATGGTTGAGAACATTACCG-3' (SEQ ID NO: 69) and 5'-
ACGCGTCGACTTACAGCACTGCCACAATCG-3' (SEQ ID NO: 70). proA (EcoR/Notl),
GAL10: 5-CCGGAATTCATAATGGTCGAACTGGGAGTTGT-3' (SEQ ID NO: 71) and 5'-
GAATGCGGCCGCTTAGTCAATATATTTCAGGCC-3' (SEQ ID NO: 72).

The second codon for both mature proteins was changed from an aromatic amino acid to

25

valine due to the introduction of the Kozak sequence. The genes of interest were amplified using
30  pET30 Xa/LIC miniprep DNA from the clones described in Examples 1 and Example 4 as template.
PCR was performed using an Eppendorf Master cycler gradient thermocycler and the following

protocol for a 50 uL reaction: 1.0 uL template, 1.0 pM of each primer, 0.4 mM each dNTP, 3.5U



vector also contains the H s3 gene for conplenmentation of histidine
auxotrophy in the host (YPH500). The GALI and GAL10 pronoters are

repr essedwoyosgbumese and i nduced by gal actose; a Kozak saquersne/1238S8
utilized for optinmal expression in yeast. The pESC plasm ds are shuttle
vectors, 20 allowng the initial construct to be made in E. coli (with the
bl a gene for selection); however, no bacterial ribosone binding sites are
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and purified mkibvaatofd AQui ck PCR Purification Columm. Ligations were
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pl us, according to the manufacturer!s instruction
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cont ai ni ng 10®ragsfdﬁnatam§m(:linhtr¢gan) Tihhsmitgn Bhwomvemﬂmdloa AS-Hisopinigklopedipmper e
done using Q Apr tﬁ,gen Egz Maﬁhm%cﬁa i,ti% g1f$s@8m1dld£aﬁ\l_&ca&501me§ woie keQRRole
est, an

restriction dig uenced eqw i or_verificati us,i

priners desi ghféiﬁn"ei"f)tﬁwlf’ﬂfé @eR(penes %Pk‘é‘% %{Fi’ﬂ%% HGRPTipFTS ﬁ'%?"?/\g) ueéeidéggt(%d

with EcoRI anQI)Néleusﬁeidéd@ﬁzothprlgés B@Rr (Z9mo Hesedreh) EDNAmW@S upefiziholeselargls

above, ate ene constru S tg rﬁj&rme |nto
% 0

DH10B ceI a gtes Etpé&f%rdl%wn“feéhfoﬁlf 'if Ton° HirgEst "4 Was equencing. 20 T
construct \NaSusﬁlrgahreS’fO@rrmnbmmxture&dp@cgramﬁiesnbﬁéalsttvpal n YPH500 using the S. c

EasyConpTM Tr ansfp{vgﬁ,LIc‘gﬂue&N&ngoQ}{b‘teh@gﬁL%)sc ik A0RERS A8 N8 aRt iTReS were

plated on SC-H s m ni nmal um
cells were gradually adJusted to growth on raffinose in order to minimize the lag period prior to

induction with galactose. After approximately 12 hours of growth, absorbance measurements at 600
30  nm were taken, and an appropriate volume of cells was spun down and resuspended to give an OD of
0.4 in the fresh SC-His medium. The following carbon sources were used sequentially: 1% raffinose
+ 1 % glucose, 0.5% glucose + 1.5% raffinose, 2% raffinose, and finally 1% raffinose + 2% galactose
for induction.
After approximately 16 hours of growth in induction medium, the 50 mL cultures were
35  divided into duplicate 25 mL cultures, and the following were added to only one of the duplicates:
(final concentrations) 1 g/L. L-tryptophan, 5 mM sodium phosphate pH 7.1, 1 g/L sodium pyruvate, 1
mM MgCl,. Samples of broths and cell pellets from the non-induction medium, and from the 16 hour

cultures prior to addition of substrates for the monatin pathway, were saved as negative controls. In



(I'nvitrogen pYES2 manual ) containing 2% gl ucose. Individual yeast col onies
were screened for the presence of the proA and aspC genes by col ony PCR
usi ng t hewleGR/p1i9ner s above. Pelleted cells (2 1) were suxpersdad2iss 20 L
of Y-Lysis Buffer (Zynmo Research) containing 1 | of zynolase and 25 heated
at 37C for 10 mnutes. Four L of this suspension was then used in a 50 gL
PCR reaction wusing the PCR reaction m xture and program descri bed above.
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60 g/ nL) transien |1 "extracts of the culture 15 wth two
functional geff¥®, usw&é?l“&/rﬂlyb‘f‘%ﬁﬁ%489ﬂéﬁ/‘ﬁy?’{}}9‘§fta’és ¥E+e added to the medi um
Monatin was not dﬁimlesdusvvereadﬁgayza&bytm/[ ﬁﬂgaﬁalyvledtiﬁmémtr@dts sbeded thetypaphas. | n
vitro assays for tin of
total profei nwis eB g%{ranm\l\ﬁ VD\HQ ﬁw ce(ﬂg %eqlltc&a y usegﬁ%ﬁuﬁl}”&&pmé.]cﬁonngfumng
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al dol ase or 400 gg/nL AspC am notransferase, to 20 determ ne which enzyne

was |imting in the cell extract. Negative controls were performed with no
Table 6: Monatin production with yeast cell extracts.

aspC two-gene
construct |+ aldolase| + AspC | construct |+ aldolase| + AspC

repressed (glucose medium) 0 888.3 173.5 0 465.2) 829
24 hr induced 0 2832.8 6424 0 1375.6 9146.6
69 hr induced 0 4937.3 340.3 71.9 1652.8f  23693.5
69 hr + subs. 0 556.9 659.1 21.9 755.6) 16688.2
+ control (purified enzymes) 21853 21853

-control (no enzymes) 0 2543 0 2543

30



addition of enzyme, or the addition of only AspC am notransferase (the

al dol condensation can occur to sone extent w thout enzyne). Positive
controls wars/pewbornmed with partially pure enzynes (30- 4@%ysSosd2isg 16

sg/ mL al dol ase and 400 g/ nL ami notransferase. In vitro results were

anal yzed by SRM The anal ysis of cell extracts showed that tryptophan 25
was effectively transported into the cells when it was added to the nedi um
post-induction, resulting in tryptophan I'evels two orders of magnitude

hi gher than those in which no additional tryptophan was added. The results
for in vitro nonat ihsitweadsyisivereabinghaitinhe fill thalabe csuruseh exificts Wit Hatv@hout
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t ot al protei nisadded. Sige@lbbth gxks hatldbeakpressidntiticasle Rt ttlusrlﬁ&calfbadlaﬁha%ﬂﬁhdt o@Nount
of activity whghuasaxess Wil

ami not r ansf er ases ?n he cel | 9&\’@%%%§§\éeg§fégg\8trar{s<m%s 1P,gam ar% a?%fnngi?lésf’dge
the activi tya%Tenleﬂé"“éW‘f“éélioéf’nf”r%‘ﬁ’inﬂﬁﬁ nduced cells i ncreased to the anount

of rmonat i b5 pr oducedbduidiibieof pRunega ipBpee Bétial m\IMbttJheﬂﬁd?%}o(;vﬂﬁbut %Qeﬂﬁ?/ m).

In contrast, consfruct
cel | extract ?r’ﬁ%lrt &H{E%SSQOQVEWE\:{F%H‘?W&% ?naong}eél?%gg g“gj\é)%%’lbg ﬁ?éﬁ”ﬁcﬁfﬁh when
al dol ase s HuReHen agroierhy 9bth YRIERR Bossdbutodbrdyide emmnes@wlyaig tyftephsewith | evel ,
this indicat esewbhvaectd dhQr Wi tipkesn, anfBARLIN Pproduced i s maxi mi zed when the

| evel of am notransferase is higher than that of al dolase, in agreenent
with results shown in Exanple 6. 15 The addition of pyruvate and tryptophan
not only #hhibits cellular growth, butEspgée®ntly inhibits protein
expression as well. TheInﬂQWeﬁth@fﬂzy&t’tﬁP@Eé&esT%@g El)lgﬁeqhgflﬁf%[}s be used to

correct for trypt 8{)%1 uxc)ciEf to provide a
neans of supplying ‘S?B’t r%c':t"ﬁs or dggradption of subsfratescom inggEmsAiafes ocspthss si on,

and secr et i onmaximum amount of product formed from the enzymatic reaction illustrated in FIG. 1 is directly

proportional to the equilibrium constants of each reaction, and the concentrations of tryptophan and
25  pyruvate. Tryptophan is not a highly soluble substrate, and concentrations of pyruvate greater than
200 mM appear to have a negative effect on the yield (see Example 6).

Ideally, the concentration of monatin is maximized with respect to substrates, in order to
decrease the cost of separation. Physical separations can be performed such that the monatin is
removed from the reaction mixture, preventing the reverse reactions from occuring. The raw

30  materials and catalysts can then be regenerated. Due to the similarity of monatin in size, charge, and
hydrophobicity to several of the reagents and intermediates, physical separations will be difficult
unless there is a high amount of affinity for monatin (such as an affinity chromatography technique).
However, the monatin reactions can be coupled to other reactions such that the equilibrium of the
system is shifted toward monatin production. The following are examples of processes for improving

35  the yield of monatin obtained from tryptophan or indole-3-pyruvate.

Coupled reactions using oxaloacetate decarboxylase (EC 4.1.1.3)
FIG. 11 is an illustration of the reaction. Tryptophan oxidase and catalase are utilized to

drive the reaction in the direction of indole-3-pyruvate production. Catalase is used in excess such



20 Exanple 13 Inprovenent of Enzymatic Processes using Coupl ed Reactions In
theory, if no side reactions or degradation of substrates or internedi ates
occurs, twe® omaxiserum anmount of product formed fromthe enZAaTarsSos/12388ct i on
illustrated in FIG 1 is directly proportional to the equilibrium
constants of each reaction, and the concentrations of tryptophan and 25
pyruvate. Tryptophan is not a highly soluble substrate, and concentrations
of pyruvate greater than 200 nM appear t¥ have a negative effect on the
yield (see Exanple 6). ldeally, the concentration of nonatin is maxi m zed
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tepidum Ther gr.r?l;[lc? g:?‘eptor was utilized. Therefore, this enzyme was used in the coupled reactions with

30  oxaloacetate decarboxylase.
A typical reaction starting from indole-3-pyruvate included (final concentrations) 50 mM

Tris-Cl pH 7.3, 6 mM indole-3-pyruvate, 6 mM sodium pyruvate, 6 mM aspartate, 0.05 mM PLP, 3
mM potassium phosphate, 3 mM MgCl,, 25 ng/mL aminotransferase, 50 pg/mL C. testosteroni ProA
aldolase, and 3 Units/mL of decarboxylase (Sigma 04878). The reactions were allowed to proceed

35 for 1 hour at 26°C. In some cases, the decarboxylase was omitted or the aspartate was substituted
with alpha-ketoglutarate (as negative controls). The aminotransferase enzymes described above were
also tested in place of the GOAT to confirm earlier specificity experiments. Samples were filtered
and analyzed by LC/MS as described in Example 10. The results demonstrate that the GOAT

enzyme produced the highest amount of monatin per mg of protein, with the least amount of



maritima, Treponema pallidum and several Vibrio species. 20 Tryptophan
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30  the enzymes were used while maintaining the same enzyme ratio. Using either substrate,

concentrations of approximately 1 mg/mL of monatin were achieved. The amount of tryptophan
produced if starting from indole-pyruvate was typically less than 20% of the amount of product,
which shows the benefit of utilizing coupled reactions. With further optimization and control of the
concentrations of intermediates and side reactions, the productivity and yield can be improved

35  greatly.

Coupled reactions using lysine epsilon aminotransferase (EC 2.6.1.36)
Lysine epsilon aminotransferase (L-Lysine 6-transaminase) is found in several organisms,

including Rhodococcus, Mycobacterium, Streptomyces, Nocardia, Flavobacterium, Candida utilis,



A typical reaction starting with tryptophan included (final concentrations)
50 MM Tris-d pH 7.3, 20 nMtryptophan, 6 nM aspartate, 6 nM sodi um
pyruvat e, W@ @®9dvs PLP, 3 nM pot assi um phosphate, 3 mM My@IAyUuD3/ 125881

am notransferase, 50 g/m, C testosteroni ProA aldolase, 4 20 Units/m, of
decar boxyl ase, 5-200 m/ nL L-am no acid oxidase (Sigma A-2805), 168 U nL
catal ase (Sigma C 3515), and 0.008 ng FAD. Reactions were carried out for
30 minutes at 30C. |Inprovement was obser®%d with the addition of

decar boxyl ase. The greatest anpunt of nonatin was produced when 50 mJ niL

of oxidase V\a&dlﬂ’ﬁ‘%myké}p ft %‘ﬁﬁﬁ%&‘ﬁ;ﬁmgﬁ sﬁs a% iR Eterd iR thb Bl@&@tl&lb}‘? 486l when

i ndol e- 3- pyruvat e ' was used ate. In a‘%g

monatin produi‘:’E‘H‘o‘i“ﬁélf“%%?é‘%HenZ’Sn \M‘@ff"zi?l @l?féd’t Iyt BphaR- Hv@‘f/‘é?%é’n"ie’a%ys("}e
bel ow t he Km ®fL-1-htin@tipitob-teaddeByda Gilysinay ynaePI@adediatel rmingnadionefaisI0e6 dfo

conpete wth B | Mz £a gﬂe%gluéaam; meﬁﬁilgo #de {gh%fyﬁﬁa @m@&bl%hg@ﬁﬁnemly

al dol ase and “am’ notran 5

was nal ntaln | evel such
i ndol e- 3- py/r uynsereoes arintampdreuly dehyfticatefompyaipriidpinet-earborde. apxcke ‘é‘?lichlér
i ndol e- 3- pyr uymt afearverryﬁmtt@m aeﬂersetrlsheu@rﬂamr&cuﬁﬁg IO & dtibn sceh@Rgiced A FEBSay s

Wi th incubati ﬁg g[e 1ve enzyg%edg'rour Syrulvzﬂcg g%nsammase &EE 2?6 1471%94;[1%%0 Eem?edamunt s of

all 30 the e ratio.
Usi ng either subst Aaypecalre@h@@m‘mmlluomL épn%ﬁpséiﬁlmﬁﬂéﬂﬂnﬂwmjﬂﬁﬁpwv%nat| n

wer e achi evedg o i PPN pOhsshunpREsPRRIA 8, @Bmmeﬂmhﬁyr%@ntsmMgmmmM

i ndol e-pyruvate was typically |less than 20% of the ang ]%ﬂ? hglﬁsr

whi ch shol® t lains &¥areiemingransferasei(sinegPElgRa T Rarapseses Fonsh Mpt e Ifafflg?na
optim zation ey a@d LOL. efosikror: PrdALBMbﬁEEI ITAd dndst oPfnodatid godiediiatessd afid si de

reactions, the productivi.t e N be i pl ed
reactions usif &P‘TS% Conceneatlsol}{ﬁ ﬁyr%f%\gm kcg) mdx"é'r earmé)se %"I’:%geﬁg% c%mﬁc E“l“{"“s:

epsi | on ami nomi\/bmsfvetp)az@elq foldlsss hprewviat vas abrgareAl Witiseplddseapivnniging ﬂxak’é‘i?@?al

or gani sns, achbsing Q,q%fag@qsm rpcobact eri um St rept orryces Nocar di a,

Fl avobact gf i um Candl 1396 PCT/ US03/
Strept onyﬁ% It i &R ‘T’iﬂygﬁﬁﬁy 2%?%‘5?%"‘&%&“8%"@% TSt %%‘e mass . ecg'lm
producti on of capined edra of thehmpfragabts bhsqu(y@th@ﬁruszymn@ p@eimﬁ nA S@Ondl‘pb%(r obi ol .

Biotech., 7:93 ngcorrl:g%és ‘to &Qx‘g&a@@ﬁoyﬁ@luﬁ@ﬁl\éﬁ [yte§rh!er§ﬁ§ah Rat 1stt9pldanszo‘b§’émeﬁ'§§-d| pate
6- sem al dehyde al l'ysine), medi at ed "t ransam ng tg?msowthe C-6 of

lysine, utili%F xﬁn&’F‘?}’r‘i‘é’r%‘%@F%{j‘lEﬁPﬂ% andzaay indicate fhy REseRE @ TOYRPREN | 5
unst abl e and yp@itang@athhd/wa potidet yalEsenayinel HbwarDthee ullwly shelayeivagt anon t 0
form & D61 A5LAR ofBbDANMLAL upBalHCALE WU BEV G Db LTt | vel Y
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100 g am notransferase (lysine epsilon am notransferase LAT-101,

Bi oCat al y$4 csoﬁg,sg,gﬁp@,,eacgﬁ)s and 200 g C. testosteroni ProA aldol ase. The
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processes30A saaphg uidgakimonium based buffers. The presence of ammonium formate and formate

dehydrogenase is an efficient system for regeneration of cofactors, and the production of carbon
dioxide is an efficient way to decrease the rate of the reverse reactions (Bommarius ef al.,
Biocatalysis 10:37, 1994 and Galkin et al. Appl. Environ. Microbiol. 63:4651-6, 1997). In addition,
large amounts of ammonium formate can be dissolved in the reaction buffer. The yield of monatin
35  produced by glutamate dehydrogenase reactions (or similar reductive aminations) can be improved by
the addition of formate dehydrogenase and ammonium formate.
Other processes can be used to drive the equilibrium toward monatin production. For

instance, if aminopropane is utilized as the amino acid donor in the conversion of MP to monatin with



with the correct mass to charge ratio (293) eluted slightly earlier than
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Examples of promoters include, but are not limited to lac, trp, tac, trc major operator and promoter

regions of phage lambda, the control region of fd coat protein, the early and late promoters of SV40,
promoters derived from polyoma, adenovirus, retrovirus, baculovirus and simian virus, the promoter
30  for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase, the promoter of the yeast
alpha-mating factors and combinations thereof.
Vectors suitable for the production of intact native proteins include pKC30 (Shimatake and
Rosenberg, 1981, Nature 292:128), pKK177-3 (Amann and Brosius, 1985, Gene 40:183) and pET-3
(Studier and Moffatt, 1986, J. Mol. Biol. 189:113). A DNA sequence can be transferred to other
35 cloning vehicles, such as other plasmids, bacteriophages, cosmids, animal viruses and yeast artificial
chromosomes (YACs) (Burke et al., 1987, Science 236:806-12). These vectors can be introduced
into a variety of hosts including somatic cells, and simple or complex organisms, such as bacteria,

fungi (Timberlake and Marshall, 1989, Science 244:1313-7), invertebrates, plants (Gasser and Fraley,



enzynmes and fragnents thereof can be produced reconbinantly in any cell or
organismof interest, and purified prior to use, for exanple prior to
producti owoof3/08BQ |1 D NO 12 and derivatives thereof. Mthadg/fses/1mseduci ng
reconbi nant proteins are well known in the art. Therefore, the scope 20 of
this disclosure includes reconbi nant expression of any protein or fragnent
t hereof, such as an enzyne. For exanple, see U S. Patent No: 5,342,764 to
Johnson et al.; U S. Patent No: 5, 846, 816% 0 Pausch et al .; U S. Patent
No: 5,876,969 to Fleer et al. and Sanbrook et al. (Ml ecular Coning: A
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and yeast artl 71 Sci ence
236: 806- 12) . 'firpdags 53446} %fpgtm@aﬁosa@tq(ﬁtaflvaefeé%ﬁ Mﬂt@f”éwaﬁpl@weﬁff’lxﬁms
i ncl udi ng son@leiBant eddl. assaﬂuwumpm) Ofofe2BuIFdgaeat GANISI Mgc. Btk HeadsSchidet er i a,

oot s ( dabecr Ay AN LRl o8 136 BUGR Gt b ot mi BYBEAED! 2105
244:1293), an@meleread. 519151?97?”5@ 579 prafpplast fag gy Schafapre 'Y FroraVarodesd g%, Usthi ch ar e

render ed tram@ﬁV)CorI%Mle{é%ﬁs (ndieturéaalmwomm 317hv6). hetesatipgeusNA N For
expression in

can
het er ol ogous ‘"‘T‘r‘ gff P%’Pgecno&%tﬁ vigg Vfcltf’éb Eolr Fﬁqﬂﬁem s &%6“ s elt dltg'éér3 S t he
pSV2 vect or (Migrd: 793m0 smings aBapyjiuset @8 mad el OB J. VNat p7: 26Abcaaierp§di§paetejgml
78:2072-6)g apidepshdgced into cells, such as nonkey COS-1 cells (G uznan,
1981, Cell 23: 175 82), to achieve transient or |ong-term expression. The
stable integration of the chineric gene construct nmay be nmaintained in
manmal i an cel | s byInbieaoh tamed] possibe] eebbdiroemys tewitiéh thesprinaplesef bur disGouk ey be and

Berg, 1982, ‘J ap, Neql it shAlggll)e rec@'ﬂ%ﬁ that]theel%]stra&gd) enﬁgﬂnenmé&%i} @rﬂ&lllalr &aﬁﬁl.lesq)f the < o

(Mul l'i gan and Acad Cl .
transfer of DNWOIS‘H? wdehpldmgide Taéenaéélk‘ﬁltaé‘gn PLfhresions P Bt ﬁ%}‘”%rﬁ*’rﬁ‘F *&ﬁs%@l‘ﬂfs is
a convents onaé dl'ﬁcﬂﬁlh}msﬁﬂ.hﬁcordr\hﬂl tHerGlldM@ cRirEs. Wtthepdate @almiandud inkdneiorr AMakhapi ent

cells as pure oD'élf‘wmﬁ §ans eec l%mc#l) 9l exanple, precipitation with
cal ci um phospfate” (& aharm and van 1973 Virol ogy 52:466) strontium
phosphat e (Brash et al ., 1987 Oel | B ol . 7:2013), electroporation

(Neumann et al., 1982, EMBO J. 1. 841), | i pofection (Fel gner et al., 1987,
Proc. Natl. Acad. Sci USA 15 84:7413), DEAE dextran (MCuthan et al., 1968,
J. Natl. Cancer Inst. 41:351), mcroinjection



(Mueller et al., 1978, Cell 15:579), protoplast fusion (Schafner, 1980,
Proc. Natl. Acad. Sci. USA 77:2163-7), or pellet guns (Klein et al., 1987,
Nat ur e 32W0/@)09138bt er nati vely, the cDNA can be i ntroduceddiyusosfizssgi on
with virus vectors, for exanple retroviruses (Bernstein et al., 1985, Gen.
Engrg. 7:235) such as adenoviruses (Ahmad et al., 1986, J. Virol. 57:267)
or Herpes (Spaete et al. 20 1982, Cell 30:295). In view of the many

possi bl e enbodi ments to whi ch t he pri nci pF3es of our disclosure may be
applied, it should be recognized that the illustrated enbodi ments are only
parti cuI ar exanples of the disclosure and should not be taken as a
limtation on_the scope of the disclosure. Rather, the scope of 25 the

di scl osure isYerl®®¥cord with the following clains. W therefore claim as
our inventioniall ‘hg&thod opBducing mbiafin tdd@rispevening glsseto mowfin.t hese cl ai ns.
WO 03/ 091396 PCT/ US03/ 12588 -63 W claim 1. A nethod for producing nonatin
conprising converting glucose to nonatin. 5 2. A nethod of producin
nmonatin, conp#i éi‘ﬁ@og‘é ARPEYCHIE mynatip, compising RonseiedpPiopfan prdlonindoled-agticgeif i ¢ o
nonatin, wher gbiib, MBeBR i @EheDRHRES: contacting tryptophan or

i ndol e-3-1actic acid i rst po rein the, fi.rst

pol ypepti de conver f? élta\f,%‘ trf'p?())})fh?n orﬁlélﬁ (%?Q)teé) Iglwéﬂl?,%g%oﬁyfp%pug%iwaer?%&w first

i ndol e- 3- pyr uydipeptide omeats the ttg)twplhel dr ipdolp-e-lagtiqupid tp/indode-3pidyats; second

pol ypepti de agata@tmg%le%mb@@yﬁ%m,asxwa%(%ay@ep&lh@anagc§e&m%uaelmﬁ&uede
t he source to

converts e i ndal ruvat e and n

5 ncdor - 10y I Rgieo Bt 6 e gre e P ernd B G COMP AR PR R Sy

2- (i ndol - 3yl rrﬂhialjzljrl)A-Hetd(ﬁttancgbldiaadl c acid with a third pol ypeptide, wherein
the third pol ypept Eﬂ%ctﬁ@'iﬁé@rh &owlnaolwgeﬁ)i§ly4%et§ IHQIQ'J ac%ﬁhﬂ&bél@% tlﬁ@t 0

glutaric aC|dto nmonat I n. relnthe i rst
pol ypept i de i ¥hget @E%@P@Wﬁﬁﬂdf f?@"ﬁ?@ﬁﬁh@ﬂﬁ@?é??%éylﬁ?thyq‘F%‘{ PptgAcid to

am not r ansf er asetif. EC 2. 6. 1. 27), tryptophan dehydrogenase (EC 1.4.1.19),
tyrosi ne 5(arorrat|c) am notransferase (EC 2. 6. 5)

trypt ophan phenyl pyruvate transam nase (EC 2.6.1.28 mul tiple substrate
am not ransferésée(ﬂE@OQOfﬁla@lz Yhergig Hig fiesg aw'ﬁiquleafﬁ% &R the FrogrTEnsptiRg of 1),

Eir Kpéophan 20 tr@pédpHaS@inokamh RQEQL.6.0.2DXihPRERN (i&(}dr&geﬂas@(ﬁ@)l 4. 1D9§.Eptc@me aci d
ehydr ogenase

D-trypt ophan &%ﬁnﬁéﬁ f’“ﬁjﬁlgtfa@%gégsg%%Pihmg’p%ﬁpﬁ%?l Pyal?lvs?%e? R E@%f' %01y
gl ut amat e dehyditiplg etheiste anBEGransidrase (BC 43.1.-)pdspaniyte atﬂawaméer@ew&@g]émfepb(%c
1.4.1.20)20 angxidse, Qsambaa&e,mset@@ﬁa@fz) D fhoiie a&mogemae {?Crlsﬂt99ﬁpb}’aﬂﬁd2>t i de

h d d of
e Y L8, P Yk s Prhaog e G By

i ndol el act at egldietytel debgrropases (EECL:431 214), phényBrpindAehydivgera X hénl) aadt at e
dehydrogenase, ebf, A4 herein e Fikst POIFHE f&ymé'eay bl Badies] vaée (EC
1.1.1.237), Fisare éﬂaﬂyﬁrogeﬁrésé et Al 28, 1. 1’%;
(3-imdazol -5-yl) lactate dehydrogenase (EC 1 1 1.111), and | act ate

oxi dase (H: 14 1THS mejhpd Eficlafn I ouiirkin &k fisnpolypaitieot selecatdifravh the griowp colvistig of St

pol ypepti de Cglrc-ic\)'iggcga%e %ﬂg&ﬁ&as% (EC?3 phlle{f‘]?)? IRGq.- ﬁ}%l‘ogypth&yh{%gg élgh éroge}ﬁgsyﬁe 5. The

met hod of cl ali
conpri ses: 1.1.1.222), 3- (4) hydroxyphenylpyruvate reductase (EC 1.1.1.237), lactate dehy ogenase (EC

1.1.1.27, 1.1.1.28, 1.1.2.3), (3-imidazol-3-yl) lactate dehydrogenase (EC 1.1.1.111), and lactate

oxidase (EC 1.1.3.-), or a combination thereof, and wherein the first polypeptide converts indole-3-

30 lactic acid to indole-3-pyruvate.

5. The method of claim 2 or 3, wherein the first and/or third polypeptide comprises:
an amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 32, Genbank Accession
No: NP_388848.1, Genbank Accession No: ZP00005082.1, or Genbank Accession No:
35  AAC74014.1;
an amino acid sequence comprising at least 90% sequence identity with the sequence shown
in SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 32, Genbank Accession No: NP_388848.1, Genbank Accession
No: ZP00005082.1, or Genbank Accession No: AAC74014.1; or



an am no acid sequence shown in SEQID NO 2, 4, 6, 8, 10, 12, 14, 32,
Genbank Accession No: NP_388848.1, CGenbank Accession No: ZP00005082.1, o
Genbank Avmesgwme No: 35 AAC74014.1; an amino acid sequen®ETeusipnessng at

r

| east 90% sequence identity with the sequence shown in SEQ ID NO 2, 4, 6,

8, 10, 12, 14, 32, Genbank Accession No: NP _388848.1, Genbank Accession
No: ZP00005082 1, or Genbank Accessi on No: AAC74014. 1 or WD 03/091396
PCT/ US03/ 12588 - 64 amino acid sequences tffat differ from SEQ ID NO 2, 4,
6, 8, 10, 12, 14, 32, Genbank Accession No: NP-3 88848. 1, Genbank
Accessi on No: ZPOO%(Q&% sedhenc@sﬁha@@imﬁ@qﬁ%ﬁj in,g\,k% 10, ﬁAQY§pa§énbankby less

than 50 conservative amno acid substitutions CI d

sequence con{&EEen NPANRL R Fﬁiqulf(ft?FeéSI%n%ngqsggz 15°ré£egbfﬂé ‘i’fﬁsflﬂlb
claim 2, wher ahn740hel Igdee thah Pabispepive aeine Sidanbsii@iohs, Iwhdtein the pmiEGacdd Siqlfénoe
enzyne. 7. Th ' erein the EC 4.1.3.- enzyne is

4- hydr oxy- 2- ogoélg UF%Q?R%I%H?/%%PM% | yase (EC 4.1.3.16),

4- hydr oxy-4- met hyl - 2- oxogl ut arate pyruvate-|lyase (EC 4.1.3.17) or a 10
conbi nati on t heriafethoBor cihine2, WBEHIA the &dcor@llpalyFBpRde isMAECR 112 -tohBC t.hB ¥ ehzyme.

pol ypeptide is selected fromthe group consisting of tyrosine (aromatic)
am notransferase (EC 2.6.1.5), tryptophan dehydrogenase (EC 1.4.1.19),

t r ypt ophan- phénfiepythodeitcin ¢ sheenin &6 d. 1CEEzgmeis £:hp@yxy-2exggittgghelyoxylate-

am not r ansf er gse &d41.216); slhydbly-4- &émﬁgnﬁsgtm&ﬁe@mva@wa@r@éenasao(2 6.1.1),
D- al ani ne m notransfera e (EC 2.6.1.21), D-tryptophan am notransferase,
gl ut amat el Yen§APBEERILE Y EC 1. 4. 1 2- 4) phenyl al ani ne dehydr ogenase (EC
1.4.1.20), mJItlpIe substrate am notransferase (EC 2.6.1.-), D-amno acid

dehydrogenase (ﬁgme$o£of%ﬁln4) whaaﬂﬂ@ﬂﬁ@gnw@a;d% graelscke@rﬁemhe 2o Qnsigigormet hod

of claim 2, erein the first ypeptide conpris ¢l d oxi dase
(EC 1.4.3.- )Esge (&roeatt‘%ﬁ%@ra{* iBEPT 3‘”1’%11 9\3%&4‘%&6??5%8 Tl 12y
pol ypepti de c&m@hﬁ;a;h&ny;pgﬁmmtt&nsamasermmjz €1.38), tyytophaateinotbhferaf@C et 105Y  of

claim?9, erein X gg[gg 883 @chbYRieB! xj dase.
11. The ne hoﬁgpal}aeamgﬂn%gras\%ﬁerlgbqﬁ&% carr{)on sour ce |)s rs&‘?‘fl(()apgt ed from
the group consrisetiapgerase. slhugppia dehydroseptte S pypeiripepiae delydsogrmaes (BSer i ne,
cysteine, or a4goobinadid ﬂﬁhuﬁt@@rﬁﬁ&faasf&%e (Elfhm mmaﬁdncﬁfmdgllelﬁzﬂm&ﬂsg ]Slwher eint
pyruvate is pr a a a pol ypeptide capable 30 o

transam nat i or\'g'géjﬁaﬁngﬁx" %magoélglgeﬁegpand a pol ypeptide capabl e of
beta-elimnation of serine; cysteine and a pol ypepti de capabl e of

bet a- el i mp@mat bofQfermcy StcRinne Wha@ﬁaktﬂest fa@%a&&@h&%ﬁﬁﬁ&%@@@ﬁ@@c cpf4t3-t
an ctate
lei?

bet a-| yase reactions wth 0X c. an no cta
oxi dase (EC 1)3rd4caylasEG ]a]?tlfb ‘@?Wéﬁi’eofﬁgﬁ%péptaa%@“ierf%{p g
1.1.2.3); or agyeewrbi nation thereof. 35 13. The nethod of cl al m 2, V\/nerei n
the method further conprises reducing an anmount of hydrogen peroxide
produced when t pt ophan is converted to indal e- 3- p{e ruvat e contacting

the hydr ogen TP SRFIpiA Oa WeThe raine RS ofsid7sp ePFpYEss 2 tryptophan il

11. The method of claim 2, wherein the C3 carbon source is selected from the group consisting of

pyruvate, phosphoenolpyruvate, alanine, serine, cysteine, or a combination thereof.

12. The method of claim 11, wherein the pyruvate is produced by alanine and a polypeptide capable
30  oftransamination of alanine; serine and a polypeptide capable of beta-elimination of serine; cysteine

and a polypeptide capable of beta-elimination of cysteine; aspartate and a polypeptide capable of

beta-lyase reactions with a dicarboxylic amino acid; lactate and lactate oxidase (EC 1.1.3.-) or lactate

dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3); or a combination thereof.

35  13. The method of claim 2, wherein the method further comprises reducing an amount of hydrogen
peroxide produced when tryptophan is converted to indole-3-pyruvate, by contacting the hydrogen

peroxide with a catalase.

25

he



-65 PCT/ US03/ 12588 14. The nethod of claim 2, wherein the second

pol ypepti de conprises an am no acid sequence selected fromthe group

consi sti ng0of3709886Q | D NO 66, Genbank Accessi on No: CACA63A/USBanmRak
Accession No: CAB 14127.1, Genbank Accession No: AAC74920.1, or Cenbank
Accession No: CACA7463.1; 5 an am no acid sequence conprising at |east 90%
sequence identity to SEQ I D NO 66, Genbank Accession No: CAC46344,

Genbank Accession No: CAB 14127.1, Genban®® Accession No: AAC74920.1, or
Genbank Accession No: CAC47463.1; or am no acid sequences that differ from
SEQ I D NO_ 664 Ggnhasis of@eﬁﬁ%%ﬂ&n”@e se%@}%éﬁlde coEphRAMGCGEE So@acNo:  CAB
14127.1, Genbank Accession No; 920." 1, or Genbank Accession 10 No:
CAC47463. 1 byse}eggdsﬁ‘t‘ﬁgﬁgrwcﬁlﬁﬁg@r“&atl ve anmino acid substitutions, wherein
the am no aci d seqSENIENC:@GEMEhbak AndGloe NS-(YI463A4d] Genbankl Apogssisu dibe to MP. 15.
The method of ~chayim 8 GeMrA%hegsu%u% hﬂb*f@zd’f’ Qafnkﬁ‘éceé"si?ﬂ%‘ RS20, 1615!061”61t e
am notransferase, wherern t roxy 2- ol -3-y i?alﬁ

glutaric atid i s commRoagd sagpeps %@H&%a‘t@s@ %ESI“E}F?)’GE%‘E”?&%Q %’tﬁﬁt e and
nonatin. 16. GHBankBReshndlo: CA@ieBasl GenbidiiAckesionCREDAR BH IV, GablfGcéasgon No:

oxal oacet ate dec oxylase. \17.,dbg.qethod of claim2, wherein the
third pol ypep%éﬂggoolr‘rﬁrr seaéjf((éc esmsofﬂﬁ% Ce‘Asz‘l? on (50 am not r ansf erase, and

wherein the 2-hydranyo @ld(SPquem#S-ﬂ@i JifferdiomBER IR NOe 6@ Gg4baltl<aﬁ=°FQ§51%ft§ﬂQdCﬁ§46f3ﬂn‘ft her
contacted wt aenlbéﬁﬁwa&ssmla&o 6&@14@7‘3 lh @%bﬁlfk AcbeRdidhNG: Aﬂbﬂ@m 1) of G@bdntd A Edssion

pol ypeptide conprises an enz havi ng reduct | t|o act|V| y and a
pol ypept i ](C)iQa tN%[tCA|C§74é§ﬂ)a¥)]Ie¥ %‘f‘mi? wHFEE ﬁé%ﬁf(“b} Eftlmg ere’f SAIPREY of

cl aim 18, whesegicnceicheerrimpke-fyavatngudpepduetie M8 ami nation activity is
selected fromthe group consisting of glutamate dehydrogenase,

phenyl al ani ne dehydr ogenase, tryptophan dehgdro enase, or a conb%nation
thereof . 30 28 Trivacthadiofelpimes Wherei thy thisd PolyRERNES SEIPYFEs PAIRIRATREEERSD| e of
recycling NAD(vEé)fdnh the7-hfdesky 2-indoti BlgRethal)-¥-Gétapliknie Joiddchumtcted 2th aspiveteriet hod of

cl ai m 20, é/\/nerr? 22 (%quacgtg YRERLLHe that is capable of recycling NAD(P)H and
produci ng a v e pro uct conprises formate dehydrogenase, and wherein

the volatile product 35 produced is carbon dioxide. 22. The nethod of .
claim 2, wher . mht hendiet hash 16 Gt ®OSrish@RMBlctiighgalbdodt il dea@tiokytasaci d t o
nmonatin. WD 03/091396 PCT/ US03/ 12588 -66 23. The nethod of claim2, where
at least 10 g/L of nonatin is produced. 24. A nethod of producing monat i n
conpri sing coh dhe methpdi af e Bheppjrr the/hirdrolypentigrrampises 2 IsipEpsilgn et hod of

pr oduci nmeDn%hcﬁraﬁs@e%é I v@ﬂre&%\@{yﬁﬂom (tirfdymﬂlﬂaﬂﬂ) Lk}td'@lﬂﬁfc'a(ﬁd is 2BtherA cel |
capabl e of produci i nmonatin, wherein the cell conprises at |east one

exogenous nucf@pged H’I%F“”Sequence encodi ng at | east one pol ypeptide, wherein
the at | east one pol ypeptide converts a first

18. The method of claim 2, wherein the third polypeptide comprises an enzyme having reductive
amination ;alctivity and a polypeptide that is capable of recycling NAD(P)H.

25
19. The method of claim 18, wherein the enzyme having reductive amination activity is selected
from the group consisting of glutamate dehydrogenase, phenylalanine dehydrogenase, tryptophan

dehydrogenase, or a combination thereof.

30  20. The method of claim 18, wherein the polypeptide capable of recycling NAD(P)H further

produces a volatile product.

21. The method of claim 20, wherein the polypeptide that is capable of recycling NAD(P)H and
producing a volatile product comprises formate dehydrogenase, and wherein the volatile product

35  produced is carbon dioxide.

22, The method of claim 2, wherein the method comprises converting indole-3-lactic acid to

monatin.



intermediate in a pathway to nmake nonatin into a second internedi ate or
into nonatin. 10 27. The cell of claim 26, wherein the at |east one

pol ypept i d¥® i399sm®bect ed fromthe group consisting of: tryjuTopsean2sss

am notransferase (EC 2.6.1.27), tryptophan dehydrogenase (EC 1.4.1.19),
tyrosine (aromatic) am notransferase (EC 2.6.1.5),

trypt ophan- phenyl pyruvate transani nase (EC6‘ 2.6.1.28), nmultiple substrate
am notransferase (EC 2.6.1.-), tryptophan 8xi dase, L-am no acid oxi dase 15
(EC 1.4.3.2), aspartate am notransferase (EC 2.6.1.1), D-am no acid

dehydr ogenase 26 ECheInetho®8f clajm 2, [rheid & 1616t 18 GILOf @hal@B@roficéd. 1. 4. 3. 3), D-al ani ne
am notransferase (EC 2.6.1.21), Dtryptophan am notransferase,

i ndol el act at e dehydr ogenase sEC 1.1.1.110), R-4-hydroxyphenyllactate
dehydr ogenase 2¢EC 1A methodpprpducing mgﬂmmna@mm@ydmmmwmm@e (EC
1.1.1.237), lactate dehydrogenase (EC 1.1. 27 1.1.1.28, 1.1.2.3),

(3-ini dazog 5- gl) IAact tde de dro enase éEC 20 1.1.111), |actate oxidase
(EC 1.1.3.7), Rynt ha%lee JERE “(Y“’ii‘gT gn qomp ?‘}ﬁ"ﬂ%@‘@f‘%%’?@ "‘CZPT"“%“)

phenyl al ani ne dehydrogenase (EC 1.4.1.20), glutanmate dehydrogenase (EC

1.4.1.2, 1.4. 3634 o cﬁpaﬂﬂe{]ﬁ produéﬂgmﬁlaﬁp@pérMé &ﬂc&rﬂﬁfs&% leastzcg X-E o&%l;c!lemo f
cIa|m27 whereiin the at |east Onf‘rRS’FYP‘?i}H( peptide 1s selecte Fromthe roup

consisting 28°9feaenserpiogismaficagep &5 @Peé"é’éthi dsas opy PBIWPde PPt adBtian
dehydr ogenase ifidoGediatedin 4 pdtidgay td ryake siomein {n@raGetahd apmaohe ot iita ipfanase (EC
2.6.1.5), 1prypt ophan- phenyl pyr uvate transam’ nase (EC 2.6.1.28), multiple
substrate am notransferase (EC 2.6.1.-), aspartate am notransferase (EC
2.6.1.1), tryptophdhke Cegﬁfﬂ%\%‘@ V{Perﬁlﬁlﬂﬁéﬂaaé‘ioﬂeEﬁlﬁpﬂﬁ@@%@@teiﬁ@nﬂleBI)DHP D- ami no

aci d dehydr ogemﬁﬁtelg(oEGyﬂtop%m%uﬂo)ransBraaerrEoo 6.12Q), ﬁiypwphz&la&@d&ge@as&(% 3. Bb9

oynt haser | yas SRR LGk R o 7T o) Brlophob Ry e B0 %ﬁ%&fé@ erase
dehydr ogenase 2-6(128), multiplg supgiiate aglifmf%ilﬁfa?se (Iﬂéhéﬁtlf)dg'ehd@e 0!(1@ lL-aﬁlan 2@ oxidagg, 1. 3,
1t 4I 1. 4% and @EC]CDI@E)F@E&@@ atafAGE R GErase 455 2. ?’ he, Behho &fid fehﬁtn{g%n%ze,(gﬁ’@@b@l)nnt he
at |east one po i an activi ed. fromthe group
consi sting of |H%EOCF ddset(géJgB aéi§cﬂ1381§%ﬁ’3§(§ralﬁs%sﬁ&f 26-11 P tryptophan

R- 4- hydr oxy phemipbtiangtrese.andolibbiptd Achgdrmsee (EECT 111.110)1R-2D2Jroxyphenyllactate

3-(4) - hydr oxya&zaxgegags ?Cﬁtlel iz@}j!;'%{)% (ﬁok%}lf:hgly%py%xvgte feilolase ( géqtl%@y)%? ot

dehydr ogenase ( 3-1mdazol -

dehydr ogenas e d{HgEoechasq (B 117, .18, 3d @ 3h i lﬂ‘é@@i ?E@laitatid@ydfj’gem’?i? hase/ | yase

(4. 1.2 -) 20synthasy/lhopesmidesé (AC B1.3.), sylithaggalysp (Hale.-), dﬁiﬂmknﬁgee(mase) (EC ]

1.4.1.19 t t ophan
), r ¥1R§1§iﬁ%ﬁc@{3 dgg%égéxps}g Eéﬁl?‘% gZS(%) ﬁﬁl&?ﬁ?d:‘e}@?xg% ase ﬂl%% 161 112 %Q%l 1t 4{ YB P

am not r ansf er ase ranst érase ' EC
2.6.1.5), mul t“}dﬁlcém‘élﬁﬂﬁ‘%%‘ih%fﬁ(é ani not ransferase (EC 2.6.1.-), aspartate

am notransferase (EC 2.6.1.1), dl ut amat e dehydrogenase (EC WO 03/091396 -67

PCT/ US03/ 1258 4 he la ani dro enase (EC
1.4.1.20), D & ;Télf oot hin o 18?55"5%1”1%3%“ ¥ is3uaR oy e PR (EC

1. 4. 99. 1) 25 D- &f Eyplophanaminemansfams{(BE A6 & 2] EOplophag dehydtogtyasali€ 1ah-Id8hhiavat | on

thereof . 5 30k aﬁhlbuaaifersde@m 815), M%gﬁah@hénp | fétttlaﬁ%%{néfy &Eﬁ
(0]

4yl oxy- 4 nBERGE SOERE SV RS () Abt QP eR ey EIERO
reconbi nant cetidaspi-aming lacmi @@asw(/ﬁ@ 1 4i313), Dheniroetill déhgdragelrac (FEr1i4e09. 1% Blaminol0 32.
The recombi napda Ghde (8F 1.453), Blabfine WSS EsRbRCOR!1l21], DAyp¥RRat cel !l
30  aminotransferase, synthase/lyase (EC 4.1.3.-), synthase/lyase (4.1.2.-), phenylalanine dehydrogenase
(EC 1.4.1.20), glutamate dehydrogenase (EC 1.4.1.2, 1.4.1.3, 1.4.1.4) and a combination thereof.
29. The cell of claim 27, wherein the at least one polypeptide comprises an activity selected from the
group consisting of: indolelactate dehydrogenase (EC 1.1.1.110), R-4-hydroxyphenyllactate
dehydrogenase (EC 1.1.1.222), 3-(4)-hydroxyphenylpyruvate reductase (EC 1.1.1.237), lactate
35  dehydrogenase (EC 1.1.1.27, 1.1.1.28, 1.1.2.3), (3-imidazol-5-yl) lactate dehydrogenase (EC
1.1.1.111), lactate oxidase (EC 1.1.3.-), synthase/lyase (4.1.2.-), synthase/lyase (4.1.3.-), tryptophan
dehydrogenase (EC 1.4.1.19), tryptophan-phenylpyruvate transaminase (EC 2.6.1.28), tryptophan
aminotransferase (EC 2.6.1.27), tyrosine (aromatic) aminotransferase (EC 2.6.1.5), multiple substrate
aminotransferase (EC 2.6.1.-), aspartate aminotransferase (EC 2.6.1.1), glutamate dehydrogenase (EC



33. The cell of claim27, wherein the cell further conprises one or nore
pol ypeptides that are encoded on at | east one exogenous nucleic acid
sequence, wahisroeixet he pol ypepti des conprise activities salcatsedi1tisem t he
group consisting of: catal ase, oxal oacetate decarboxyl ase, |ysine epsilon
15 am notransferase, and formate dehydrogenase. 34. A polypeptide
conprising an am no acid sequence selected fromthe group consisting of
Genbank Accession No: P00913), Genbank Aflession No: NP 290344, Genbank
Accession No: CAA34096, Genbank AcceSS|on No: NP 246359, Genbank Accession
No: AAB96579, 1@?%% 701.8¢ §ﬁékﬁsﬂw M%’na%e?(%@%lz@? fprigcessi on No:
69342, Genbank ‘Accession P28796 ank Accessl on 1AX4 Genbank
Accessi on No: mTﬂ&E%@Q@’D@éﬁﬁ&ﬁﬂd%%@@§§FﬁWCIﬁ391b %em@@ﬁﬁﬁﬁ%w% essi on
No: P31015, GecbankndAccakisdtiomnthtdest. NP280989, Genbank Accessi on No:
AAC33284, Genbank Accession No: NP_147838, Genbank Accession No: AAF63441,
or Genbank Accession No: AAA24679, where the amino acid resjdues at

posi tion 103 39 Thewdll oBdrimR7: fbereia e exnibess/Ivaesr{BA AR 3 ALCBBEF HIMIEP Y RP 418164
have been chaggasltah® 1065198 kT, 83.16) PeClyliofs-4-thetBfl-2tdrelpakty nagdst @€ 413.1ax cept

di carboxylic amno acid substrates. 35. The pol ypeptide of claim 34, where
the change in the amno acid sequence is selected fromthe group

consi sting of31. ar gTheirerembi®dt ¢sH afwipdn 24, ohertip tho prlliea bageripl efllne 103 changed to
threonine and valine 30 299 to arginine; and valine 299 to arginine. 36. A
polypeptigf conpr|5|ng an am ce selec fromthe group

cid sequ
consi stin Gbnﬂﬁﬁ%mﬁEﬁ@§§ﬂBH%WBg6?$%i ec%%ﬁ%?ﬁ ccession No: P31012,
Genbank Accession No: P31013, A49493, Genbank Accession No: P31011,

Cenbank Access af M or SRS 2o G IARGCALEESS] 9B SR dypltBly i sre Cenbank

Accession No: 1TPL Genbank Accessi on . (5)8.!’”( JAccessi on
No: AAB41499, en@%wleﬁé@@%‘igemuwc 61@%1899‘?1 %ﬁﬁ’éﬁ@%@é@"gg HWTRE® T45297,
and Genbank RA6GessderdNom thhafnd Sa8stingbiedaalatd)exakmdea dewibokytaes lysluepsikh

position 0 and nbank Accession No: X66978 have
been chan%gd ?mmEF%% eﬁ&gig%§§ﬁ§8Eo%§m§? the polypeptide to accept

di carboxylic acid am no acid substrates. WD 03/091396 -68 PCT/ US03/ 12588
37. The pol ypepta @%@hd&doa;bﬁ@ufg@n atli@dcal seciaalcekh&e@@fmmthe heupaisittngati d

TR o oy SRk Ao A SR RREL R A Ohona ! ARy RBanaed O

t hr eoni ne, SR S SR e AAd rgini ne;
and val i ne 283AA%0% Qplﬂparrke‘\cc@m@ﬁ\lo FR4675P.fjsoysnl ‘ﬂ@eS@PHNP AARIGA I Srentzpk
wherein the SM&t&Tsﬁ)élﬁsltNP?z@%?aG&@&ﬁ Ac&%mné\xon@m@plea{bam&baagonmnatl n )
conprising reacting at [eas n erivat car boxyl
and ami no gr oti&e Gﬁl?Ji’d“ka*?‘ccTsél&%Ttg gﬁg‘lﬁin %“dk:’é beﬁﬁ’if\}\!"t 5%94%?8\67% OFEBFSERed at
a carboxyl 10NgPaL)4, GéthanklAeesvioh Nod3Hf5, lﬂfﬁmaxﬂgAqmﬂethm NRC28695di Grgbaply cI aim

39, wherein t E&es@'ﬂ gﬂ 0§A(§%§§.§4V@énbéﬁﬁ AbSssBn NENEOH Prs . BRI ARkesstmNoOMD- al ani ne,
and wherein the In aEﬂ%ruvate Is reacted wth the alanine derivative

ina Gignar dA6F636‘Hg%frﬁ?P‘? permisioa NeAAgy g4 67f5where the amino acid residues at position 103
25  and 299 with respect to Genbank Accession No: NP_418164 have been changed to broaden a

specificity of the polypeptide to accept dicarboxylic amino acid substrates.

35. The polypeptide of claim 34, where the change in the amino acid sequence is selected from the
group consisting of: arginine 103 changed to threonine, arginine 103 changed to threonine and valine

30 299 to arginine; and valine 299 to arginine.

36. A polypeptide comprising an amino acid sequence selected from the group consisting of
Genbank Accession No: 2TPL_A, Genbank Accession No: P31012, Genbank Accession No: P31013,
A49493, Genbank Accession No: P31011, Genbank Accession No: AAB24234, Genbank Accession

35  No: ITPL_A,, Genbank Accession No: 1TPL_B, Genbank Accession No: NP_245748, Genbank
Accession No: AAB41499, Genbank Accession No: Q08897, Genbank Accession No: T45297, and
Genbank Accession No: AAA71928, where the amino acid residues at position 100 and 283 with
respect to Genbank Accession No: X66978 have been changed to broaden a specificity of the

polypeptide to accept dicarboxylic acid amino acid substrates.



41. A nethod of meking nonatin conprising converting a substrate sel ected
fromthe group consisting of tryptophan, indole-3-lactic acid,

i ndol e- 3-pyraswatdwe and 2- hydroxy 2-(indol-3- ylnethyl)-4- kettougbatasi c
acid, to one or nore internedi ates, wherein nmonatin is nmade. 20 42. The
met hod of claim41l, wherein at |east one of the internedi ate products is
converted via a chemcal reaction. 43. The nethod of claim4l, wherein at
| east one of the internediate products is®onverted via a pol ypeptide. 25
44. An isolated nucleic acid conprising at | east 90% sequence identity to
SEQ ID NO 11. 45. The isolated nucleic acid of claimd44, wherein the
nucleic acid conprises SEQ|ID NO 11. 30 46. The is Iated nucl ej c acid of
cl ai m 44, wheteilbe Rofy@enide piciaen %{SeW]éFrectberfb"f“}gEE‘éheeﬁm‘}oé‘%igfeq%ced%sr‘?@g (i“{/tge

nucl eoti des oOfrovpkbsisthgNE. ardiine B8 chaAged @ahredning Cingiineslion chatdaé toitigehmt ad valire| ei C
acid of clai 4. 35 4 r jpant cell conprising the vector of claim
47. 49. An |2‘3‘8|% ¢ %&a@egﬁ%gg?giaﬂgy the isolated nucleic acid of claim
44. WD 03/091396 - 69 PCT/ US03/ 12588 50. The isol ated protein of claim 49,
wherein the pf@ﬁﬁéﬁbl}%é}imébﬁ:ﬁﬁn@t&@a%ﬁ&ﬁlth%Elﬁﬁtra&aéSasﬁhhatEeaSt 90% sequence
identity to SEQID NO 12. 51. The isolated protein of claim50, wherein
the protein conprises SEQID NO 12. 5 52. A nethod for producing nmonatin
conpri si ng codver t Amgthpd inaikio yroRtif fomgitding3eagiingeat lpagt one Farinstderivatgjie Gloghel et aci d
to nonatin. Sgérbogﬁ'gnd@rrﬁxﬂ%u arfala bR oﬁgmdd@@ﬁﬁﬁﬁv‘a‘cehmaﬁ@ﬁﬂa&@d fdrctiheas

conpri ses_ detection of “hydroxy 2- 10 (i ndol - 3-yl met hyl ) -4-keto
glutaric Y deB¥P- mass spect ronetry. 54. A conposition conprising 2-hydroxy
2-(indol -3-ylmethyl)-4-keto glutaric acid. 55. The nethod of claim 2,

wherein the t55 /Pt Oﬁ@%ﬂoﬁ Mﬂg%ﬁnﬁEcQ&FhﬂnQQQiaﬁn?rb%vﬁweu?th@QAn}ﬁl@@%htﬂr@m315 from
EC 4.1.99.1. 56. Aneth for_ producing nonatin corrpr|5|eﬁreact|n

t rypt ophan wi ¢Propeninser ?’rﬁﬁoém aﬁﬁ’&?eyﬁ'éﬁ‘ﬁlfrﬂégm mglpfe-3-pyruveds 1A SUR BF 2131 m 56,
wherein the oagivaive iRGRigRed o pepiditiam reastiwel ected from the group consisting
of : trypfsophan am notransferase (EC 2.6.1.27), tryptophan dehydrogenase
(EC 1.4.1719), tyrosine (aromatic) am notransferase (EC 2.6.1.5),

trypt ophan- phéhnyA msfhadpimekingrmonatinsprisies foEerting 2 gubsiragplectidion s B bst r at e

am not rﬁnSf er@%ﬁmﬁ@@t&p@p&n ,indole 394284 dcall AT f;@ﬁvma,mﬁaﬂ BhyisRy (-HEoR36. é 1),
t rypt ophan oxi n dni no aci
dehydr ogenase l(négﬁ}ﬁ lﬁet utiI}C ac1§,§o Bl_egrmmchr%mtegme 1at]és w gg]g)‘nf]g@xfn‘ﬁd:g 3)

D-al ani ne am notransferase (EC 2.6. 1. 21), Dtrypt ophan am notransferase,
synt hase/ jyasg ( EcTﬁe-n:le-tl%d of olauﬁ)(f"wlﬂé}&ﬁétllééﬁ%ﬁe dthe Intefmediate p@chﬁ&ié’lls Ehndditeda a
dehydrogenase . (EC 1 .20), glutamate dehydrogenase (EC 1.4.1.2, 1.4.1.3,
1.4.1.4) and Q‘e%ﬂﬁ‘?aﬁt&’fﬁ on t hereof .

43, The method of claim 41, wherein at least one of the intermediate products is converted via a

polypeptide.
25
44. An isolated nucleic acid comprising at least 90% sequence identity to SEQ ID NO: 11.

45. The isolated nucleic acid of claim 44, wherein the nucleic acid comprises SEQ ID NO: 11.

30  46. The isolated nucleic acid of claim 44, wherein the nucleic acid comprises at least 20 consecutive

nucleotides of SEQ ID NO: 11.
47. A vector comprising the isolated nucleic acid of claim 44.
35  48. Arecombinant cell comprising the vector of claim 47.

49. An isolated protein encoded by the isolated nucleic acid of claim 44.



WO 03/091396 PCT/US03/12588

10

15

20

25

-69-

50. The isolated protein of claim 49, wherein the protein comprises a sequence that has at least 90%

sequence identity to SEQ ID NO: 12.

51. The isolated protein of claim 50, wherein the protein comprises SEQ ID NO: 12.

52. A method for producing monatin comprising converting 2-hydroxy 2-(indol-3-ylmethyl)-4-keto

glutaric acid to monatin.

53. The method of claim 52, wherein the method further comprises detection of the 2-hydroxy 2-
(indol-3-ylmethyl)-4-keto glutaric acid by mass spectrometry.

54. A composition comprising 2-hydroxy 2-(indol-3-ylmethyl)-4-keto glutaric acid.

55. The method of claim 2, wherein the tryptophan is produced from indole using a polypeptide
from EC 4.1.99.1.

56. A method for producing monatin comprising reacting tryptophan with one or more
polypeptides.
57. The method of claim 56, wherein the one or more polypeptides is selected from the group

consisting of : tryptophan aminotransferase (EC 2.6.1.27), tryptophan dehydrogenase (EC 1.4.1.19),
tyrosine (aromatic) aminotransferase (EC 2.6.1.5), tryptophan-phenylpyruvate transaminase (EC
2.6.1.28), multiple substrate aminotransferase (EC 2.6.1.-), aspartate aminotransferase (EC 2.6.1.1),
tryptophan oxidase, L-amino acid oxidase (EC 1.4.3.2), D-amino acid dehydrogenase (EC 1.4.99.1),
D-amino acid oxidase (EC 1.4.3.3), D-alanine aminotransferase (EC 2.6.1.21), D-tryptophan
aminotransferase, synthase/lyase (EC 4.1.3.-), synthase/lyase (4.1.2.-), phenylalanine dehydrogenase
(EC 1.4.1.20), glutamate dehydrogenase (EC 1.4.1.2, 1.4.1.3, 1.4.1.4) and a combination thereof.



